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Abstract 

Magpi e  s oc i al  behav i our was s t ud i ed at L i nton i n  the Manawa t u , 

from J une 1978 to November 1982 . Soc i a l  beha v i o ur pa t t e r ns 

�nd r e pr od uc t i on were i nv es t i ga te d , and the hypot hes i s  that 

mag pi e s  were cooper a t i ve breeders was tes t e d .  

There w e r e  two popu l a t ion phas es . N omad i c  f l oc k s  f o rmed i n  

s pr i n g  an d for age d on open , treeless  pas tu r e . The f l o c k  s ex 

r a t i o  was determi ned from m o r phome t r i c  measuremen ts , and was 

between 3 3 : 66 an d 50:50 ma l es to  fema l es . F l o c k  dens i ty 

s t ab i l i sed a t  magpi e per hec t ar e ,  and t he est i mated da i l y  

s ur v i v al rate was 0 . 9 .  Ter r i tor i a l  mag pi e s  defende d 

a l l - pu r pose areas averag i ng 5 hec tar es i n  s i z e ,  and t her e was 

no c or r e l a t ion between territory s i z e and the number of 

occupan t s . The mean adu l t  s urv i val  r a t e  was 0 . 85, and annual 

produc t i v i t y  wa s 0.96 j u ven i l es per breed i ng fema l e . 

F l ock  magpi es assoc i a ted r andoml y ,  and f l ock  member sh i p  

change d fr equen t l y .  The pr i mary ac t i v i ty o f  f l o c k  b i r d s  wa s 

forag i n g ,  wh i ch i n tens i f i e d  d u r i ng the a f t ernoons , and i n  the 

month of March . The propor t i on of f l oc k mag pi e s  for a g ing was 

pos i t i ve l y  corre l a ted wi th  t he number of b i rd s  pr esen t . 

Ter r i tor i es wer e defended by pai r s  and groups .  Non- k i n  groups 

may have formed i n  the f l oc k ,  and k i n gro ups formed when 

j uven i l e  d i s per sal  wa s delayed . Non- breeders d i d  no t he l p  at 

i i 



t he nes t , and ma l e  par ents  made as  many v i s i t s t o  n es t l i ng s  as  

fema l es d i d . T i me of  day s trong l y  i n fl uenced the d i s t r i b u t i o n  

o f  a c t i v i t i es ,  so that for ag ing occup i e d  m o r e  t i me i n  the 

a f t e r noons . Group- te r r i tory ma g p i e s  spent l es s  t i me per ch i ng 

and more t i me de f end ing t he t er r i t ory t han pa i r- t err i tory 

b i r d s .  

The aver age nat i onal c l u tc h  s i z e was 3 . 5  e ggs . The r e  was no 

d i f f er ence i n  t he breed i ng ou tput of pa i r- t er r i t ory and 

group- t er r i tory hens , but per c a p i ta produc t i on was l ower i n  

the groups . Average i n d i v i d ual  f i tness es t i ma tes wer e 

p r e pared for each of four magp i e  l i f estyl es , and were h i ghes t 

for pa i r - t e r r i tor y  b i r d s . 

S uppl ementary food d i d  not i nh i b i t  j uven i l e  d i s persa l , and 

l ead t o  pol ygyny i n  t he former l y  pa i r - defended terr i t or i es .  

Hens rece i v ing ex tra food fl edged mor e  j uv en i l es than they had 

in t he p r ev ious spr i ng .  

I t  was argued that magp i e s  wer e not cooper a t i ve breeder s , but 

sel f i sh oppor tun i s t s  wh i ch expl o i ted  var ious soc i a l  l i f es ty l es 

i n  order to  obtain  reproduc t i ve s t a tu s .  
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CHAPTER ONE 

Introduction 

1 .0 .0 The evolutionary paradigm. 

Adaptations are attributes which permit organisms to 

'accomplish those immediate objectives' which must be achieved 

in order to survive and reproduce successf ully (Dunbar 1 9 82) , 

and vary betwee� individuals. Since some of the individual 

variation is inherited, the outcome of interactions between 

organisms and their environments may be measured as the rate 

of spread of the attributes in the gene pool, or f itness. 

Natural selection is the process through which environmental 

pressures on individuals effect changes in gene frequency, 

establishing adaptations in the gene pool. 

The role of natural selection as an optimizing agent was 

queried by Gould and Lewontin ( 1 97 9 ) ,  who er i tic ized 

biologists for reducing organisms to collections of unitary 

traits and then proposing a separate adaptive explanation f or 

each. By defining adaptations as the result of natural 

selection, and then def ining natural selection as the process 

leading to the acquisition of adaptations, such biologists 

were said to be reducing the theory of natural selection to a 

tautology. Since then, several theoretical treatments have 

demonstrated that no tautology exists when natural selection 

theory is rigorously stated (Reed 1 9 8 1 , Dunbar 1 9 82 , van der 

1 



Steen 1983). 

However the empirical demonstration of natural selection 

remains problematic. Mayr (1983) recently argued that 

adaptationist hypotheses are valid since the y must be 

systematically tested and excluded before the operation of 

chance can be invoked. The evolutionary paradigm described 

and defended by Mayr provided the practical framework for thi s 

study. Because selection acts on individuals, magpie 

sociali ty was examined from t he standpoint of individual 

magpies. The range of social responses made by magpies was 

investiga ted, and their reproductive output was measured in 

relation to lifestyle. In this way, it was possible to 

evaluate t he "adaptiveness" of magpie social patterns. 

Apparently non-adaptive alt ruistic acts (those that increase 

t he individual fitn ess of another animal while reducing the 

individual fitness of the actor) which contradicted natural 

selection theory were then investigated more closely. 

1 .0 .1 Aim of the study. 

An investigation of magpie social behavio ur was initiated in 

mid- 1978 , in order to di scover how magpies in New Zealand 

responded to intraspecific competition for food and space, and 

to test tr1e 11ypothesis that .3ome ;ngpie.s bred cooperntivt�ly. 

Since variation is the raw material of natural selection, 

inter-individual differences in social behaviour were examined 
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and their reproductive consequences measured. A demonstration 

that individuals within social units compete for reproductive 

opportunities would allow the effect of natural selection on 

the various lifestyles to be evaluated. 

1.1 .0 Taxonomy of the Gymnorhinae. 

Gymnorhina is one of three genera in the Australo-P apuan avian 

family Cracticidae, and refers to the Australian magpies . 

Three geographically distinct types of magpie occur in 

Australia, but since they interbreed freely in the areas of 

overlapping range a common binomial, Gymnorhina tibicen, is 

used ( Schodde 1975, Dow 1980 , Pizzey 1980 , 1983). This 

replaced the former trinomials ( Gymnorhina t .  tibicen for the 

northern black-backed form, Gymnorhina t. hypoleuca for the 

southern white-backed form ) , and the s eparate species status 

of the Western form, Gymnorhina dorsalis ( Serventy 1969). A 

genetic mechanism for the variation in back plumage colours 

between white- and black-backed magpies was proposed by Hughes 

(1982). 

At present, magpies in New Zealand are classed into subspecies 

( O .Soc .N .Z. 1970), presumably because they are geographically 

isolated from the native populations ( see a discussion of 

subspecies by Phillips 1982, Zusi 1982, Parkes 1982). 

However, phenotypic uniformity of white- and black-backed 

magpies in New Zealand is lacking, and a range of plumage 

patterns ma y be seen . For this reason it was impossible to 
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accuratel y identify the magpies in the study population to 

subspecies level. The population comprised white- and 

blac!.:-bacKed forrns of Lhe Austr3lian magpie, Gymi2_�C.���� 

tibicen. 

1.2.0 Habitat, die t, predators and pathogens of magpies. 

In the Australian environment, magpies occupy open savannah 

woodlands and farmed pastures (Carrick 1972), and are 

nonmigratory. They eat "a wide range of ground arthropods, 

mainly insects and spiders, and also earthworms" (Vestjens and 

Carrick 1974 ) .  

The Australian raven (Corvus coronoides) pre ys on eggs and 

young nestlings, and adults are taken by foxes and feral cats 

(Carrick 1972), as well as by humans. 

Magpies are infected by a variety of pathogens. Deaths due to 

Staphylococcus, Pas�eucella and As��Cgillu� infections were 

reported by Carrick (1972), and Harrigan and Arundel (1978) 

described Syngamous trachea in a white-backed magpie. 

White-backed magpies have also been reported with poxvirus 

infections (Harrigan et al 1975). 

1 . 3 . 0  Introduction to New Zealand. 

Mcllroy (1968) has summarised the available information on the 

introduction of magpies to New Zealand, based on t he report by 
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Thomson (1922) and subsequent notes in the literature. 

The first birds were probably those from Victoria liberated in 

Canterbury between 1864 and 1867, to control insect pests of 

pasture. Many introductions followed throughout New Zealand 

during the next thirty years, and now magpies are distributed 

throughout the low-altitude areas of both main islands (Bull 

et al 1978). 

1 .4.0 Magpie longevity. 

Magpies are long-lived birds with age-spans of up to eighteen 

years in the wild (Carrick 1972), and in captivity (McCaskill 

194 5). Evolutionary studies of social strategies require 

lifetime reproductive data from individuals (Vehrencamp 1979), 

presenting the students of potentially cooperative subtropical 

species (Emlen 1978) with severe logistical problem s (Balda 

1981 ) . 

There is an alternative approach which cir cumvents the 

necessity for such long-term investment of effort, at least in 

part. Called strong inference (Platt 1964 ), it is the 

classical approach to scientif ic research. A series of 

falsifiable hypotheses are systematically tested until one 

hypothesis is found which cannot be disproved by experimental 

results. Strong inference allowed cooperative breeding in 

magpies to be investigated in a relatively short time span. 
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1.5.0 Contents 

Each chapter following was designed to be self-sufficient, so 

that the methods and discu3ion appropriate to the data were in 

immediate proximity. 

1 .5.1 Contents of Chapter Two. 

A description of the study area and the distribution of 

magpies in t hat area is supplied in Chapter Two. The size of 

the population was estimated, and different patterns of 

resource use and site-attachment studied. Survival, migration 

and reproduction were investigated, and comparisons were drawn 

with an Au stralian population. 

1 .5.2 Contents of Chapter Three. 

In Chapter Three, the cohesiveness and everyday behaviour of 

nomadic magpies living in a flock are described. From 

resighting s of banded birds it was possible to compare the 

pattern of individual asso•:iations with a pattern that •,o�ould 

be expected if flock magpies arr i ve<j and departed randomly 

from the flock area. A �tudy of time budgets allowed the 

behaviour patterns of flock magpies to be catalogu ed, and 

foraging behaviour to be �tudied. 

1 .5.3 Contents of Chapter Four. 
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Behavioural interactions within and across territory 

botmdaries are summarised in Ch apter' Four. Ch anges in th e 

cornposi t ion of sac ia l gr'oups were moni tared, .:!nd led to an 

unders tanding of group Ot"igins. A time budget study allowed 

behavioural differences between individuals to be linked to 

reproductive and social status. 

1.5. 4 Contents of Cha pter Five. 

The breeding performance of f emale magpies in different social 

units was compared, in order to discover w hether productivity 

w as enhanced by th e proximity of nonbreeding companions or 

off spring. If female magpies living in group-de fended 

territories reared more of fspring than th eir counterparts in 

smaller social units, then the h ypoth esis th at magpies w ere 

cooperative breeders could be accepted. Thes e and annual 

production data for four breeding seasons are presented i� 

Chapter Five. 

1 .5.5 Contents of Chapter Six. 

Th e results of a food-addition experiment which tested th e 

hypoth esis that juvenile magpies emigrate from their natal 

territories in response to a food sh ortage are given in 

Ch apter Six. A characteristic of cooperatively breeding 

species is th e delayed dispersal of offspring, and th is 

research aimed to discover w h y delayed dispersal occured so 

infrequently in the study population. 
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1 . 5. 6 Contents of Chap t er Seven. 

Chapter Seven cont a i n s a formal defence of the thesis Lhat 

magpi es in t he Linton populatior1 did not bree d cooperatively, 

and that their social responses wer e se lfish rather than 

altruistic. It is argued that magpies exploited a ran ge of 

lifestyles in the transi tion to re produc tive status. 
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CHAPTER TWO 

Dispersion and Spacing Hect1anisrn.s in the Linton Population 

2.0.0 Introduction 

Animal social systems evolve in response to environmental 

pressures on li fe-history features (Gadgil and Bossert 1 97 0 , 

Dunbar 1 9 83 ) . To understand a social system, it is therefore 

necessary to know the demographic regime of the species in 

question (Fitzpatrick and Woolfenden 1 9 8 1  ). The objective of 

this chapter is to describe the demographic processes of 

spacing and resultant dispersion in a New Zealand population 

of magpies, and to compare these features with those recorded 

in an Australian population (Carrick 1 9 6 3 , 1 9 72 ) . 

The first question to be posed was, how were magpies dispersed 

in the New Zealand population? Dispersion commonly refers to 

the distribution of animals in space at one moment in time, 

and in many species the pattern of dispersion reflects the 

association of individuals in primary social units the 

smallest social unit in w hich members can survive and 

reproduce normally (Brown and Orians 1 9 7 0 ) .  More than one 

type of social unit has been previously described in a magpie 

population (Carrick 1 9 6 3 , and see section 5 . 0 . 0 ) ,  and this 

investigation aimed to establish whe ther similar complexity 

occurred in a New Zealand population. First, magpies in the 

stud y area were banded, mapped and counted in order to 
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discover bot h  nomadic and sedentary birds. Then, since 

dispersion is density-dependent ( Ta ylor et al 1978), the 

density and spatial distribution of the sedentary birds was 

found in order to antic ipate trends in population dynamics. 

The nomadic phase of the population was then examined more 

closely. What age and sex were the nomadic individuals? The 

measurements of trapped bi rds of known sex were used to cre ate 

a discrimin ant function for sexing unknown magpies, and a 

comparison of the sizes of mature and immature birds was made. 

How many magpies were nomadic, and when did the y le ave the 

sedentary phase? Capture-rec apture analyses of banded bi rds 

were performed to estimate the number of nomadic birds, and 

the formation of nomadic f locks was monitored during regular 

field inspections. 

Focus then shifted to the sedentary magpies. How many birds 

in the study area de fended territories, what was the ir 

density, and did their numbers vary from year to year? Linked 

to this was the question of territory occupancy; was 

territory size correlated with the number of magpies l iving 

wi thin the boundaries? These questions were answered from 

census data and the average annual productivity was also 

calculated from these d ata. 

Finally, the behavioural mechani:;ms w hict1 allo•1ed r1agpies to 

space t hemselves with respect to e ach other were examined. 

Song and stereotyped postures served as devices to manipulate 



t he behaviour of conspecifics (in the sense of Hinde 1 9 8 1  ) , 

and attempts to describe these elements were made. 

Even within t he reproductive phase of an animal population, 

asymmetries in sex, reproductive value, experience, dominance 

and kinship lead individuals to adopt different behavioural 

strategies from each other (Emlen 1981 ) . In this cha pter the 

demographic stage is set for a study of individual differences 

in lifestyle and reproductive performance. 

2.1.0 Methods 

2.1 .1 Study Area 

Fieldwork was concentrated in the area bound by Hewitt's Road, 

State Highway 57, Kendall's Line and the foothills of the 

Tararua Mountain Range at Linton in the Manawatu region. 

Linton is 175°36'E in longitude and 40°26'3 in latitude. 

The 3.03 km2 area constituted five farms; three dairy units, 

one dry-stock run, and one s heep and beef unit. Ryegrass and 

ry�grass/clover pastures were maintained on a clay-loam soil. 

Apart from one s mall copse of native t ree species in the study 

area, the irregularly occurring shelterbelts were dominated by 

·' ine ( !" in�:� __ C':'� i_.::_��) and :nacrocarpa ( Cupr'es_��!_�-����c_oc�r p�) 

trees. 

The Manawatu district is characterized by an average annual 
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rainfall of �86 2 
mm , and prevailin g westerly winds. Monthly 

mean temperatures (from data collected at O.S.l.R. Palmerston 

North over thirty years) ran ge from 8. 2
°

C in July to 18.1 
°

C in 

February. 

2.1 .2 Live Trapping 

Sub-adult and adult magpies were trapped in the study area for 

banding from June 1978 to Ma y 1980. The trapping technique 

was developed from a method described by J .  Hughes (pers. 

comm. ) .  A wire-netting trap measuring 1 . 3m x0. 90m x0. 90m was 

erected at the centre of a territory and fitted with fo ur 

funnel entrances at ground level. One live decoy magpie was 

placed inside the trap in a smaller cage. Rolled oats were 

scattered on the ground near t he entrances. 

illustrated in Plate 2. a. 

This device is 

Flock birds were tra pped in the same manner but in a larger 

wire-netting trap measuring 1 . 8m x1 .8m x1 . 8m. Up to twenty 

magpies were collected at once by this method. See Plate 2. b. 

Once caught in the trap, magpies were captured by hand and 

transferred to calico bags fitted with ventilation holes and 

draw- string tops. 

2.1. 3 Morphometric Measurements 
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PLATE 2 . a .  Terr i tory trap ,  conta i n i ng decoy b ird. Two magp ie s  

s i ng i n  response to the decoy st imu l us, a nd  two other 

magpi es exh i b i t  the b i l l -down d i sp l ay .  

PLATE 2 . b. Fl ock tra p .  





Cap tured ma g p ie s wer e meas ured a s  fo l lows . We i g h t  to th e 

nearest g r am was read fr�n a spring b a lance ( Sa l t e r ) , and 

cor r ec ted for ba g - we ight ; b i ll le ng th, width, and d e pth were 

me asured wi th Ve r n i e r  caliper s ;  tarsus ,  toe , and toena i l 

l e ng th s  were fo und by e xtend ing d i v iders  to the l i m i t s  o f  th e 

l i mb s a nd reading the length s fr om a metal ru l e r ; wi ng and 

ta i l  l e ng ths wer e me a sured d ir e c t ly by the same me ta l rul e r .  

A l l  me asureme n ts were entered  onto i n d iv idual  r ec or d  c a r ds .  

The s ta t i s t ical  ana l y s es o f  thes e data are  d escr i be d  i n  

se c t i o n  2 . 1 . 9 .  

2 . 1 . 4  Band i ng 

A t o ta l o f  6 2  magp ies wer e  banded in th e L i n ton study area 

b e t ween J un e  1 978 and May 1 98 0 . The le f t  l e g  r ec e i v e d  o ne 

stain le s s  s t e e l  numb e r e d  and one c o l o ur e d  p las t i c  ban d ,  wh i le 

t he r ight leg was f i t te d  wi th a un i qu e  comb in a t ion of  t hree 

coloured p la s t i c  ban d s .  

2 . 1  . 5  S e x  and A ge C l a s se s  

Sex es wer e  d e te r m i n e d  wi th r e fe renc e to p l u ma ge cr i te r i a . 

Adu l t  ma le magp i es exh ib i ted  'sh i n ing ' wh i te n ape and back 

f e a ther s ,  wh i le the same feath er s on fema les wer e  grey . Mal e s  

were a l so s l ight ly la rger tha n fema l es ( s e e  2 . 2 . 4 )  b u t  th i s  

cha ra c te r i s t ic was no t us efu l  fo r the v i sual  se x ing o f  b ir d s  

i n  the f ie l d .  
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Six age classes were recognised, based on physical appearance. 

They are summarised on Table 2.a. Diff iculty was experienced 

in visually separating adult females (Age Class 6 )  from 

subadults of either sex (Age Class 5) • In 

practice, identification of an animal as an adult female was 

certain only in territories defended by a monogamous pair, and 

had to be confirmed for other magpies by ob serv ation of 

female-like reproductive activi ty. 

2.1.6 Colour Classes 

An arbitrary classification of the variations in back plumage 

colour was developed, after a similar system by N .  Murray 

(pers. comm. ) . Birds handled during trapping were assigned a 

colour class, as were all magpies whose be haviour was noted 

during the project. The range of variation in back plumage is 

illustrated in Figure 2. a. 

A photographic plate illustrating the variety of back plumage 

in the black-backed magpie was publi shed by Cole ( 1921 ). 

2. 1. 7  Exploratory Observations 

Magpies were located at dawn by tracing the source of bouts of 

singing. Singing birds were then monitored until they flew to 

the ground to commence foraging. Those animals flying less 

t han 300m. to t heir foraging positions were tentatively 
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C l ass 

1 nestl i ng 

TABLE 2 . a 

Magp i e  age cl asses 

Stage of Deve l opment 

2 fl edgl i ng .  See Plate 2.c. 
3 l ess than one yea r i n  age 

4 l ess than two years i n  age . 

5 s ubadu l t, l ess than four  years 

6 adu l t .  See Plate 2.d. 
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FIVE MAGPIE COlOUR ClASSES 
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FIGURE z.a. BacK p1umage patterns ranging from white-bacKed (A) to b1acK-bacKed (£) magpies. 
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con s i d e r e d  to  b e  terr i tor ia l in  tha t area . Terr i tor ia l i ty wa s 

confi r me d  by a t tendanc e  a t  a n es t  i n  the v ic in i ty ,  or t hr o u gh 

�e ob ser v ation of  aggres s i v e i n te r a c t ions w i t h  nearby 

magp i es .  Once i denti fie d ,  ter r i tor i es were name d  w i th 

r e fe r enc e to a prom i nent  geograp h i c featu r e . ( Fo l lowing 

D av i es  ( 1 978) , ter r i t or i es were r e c ognised  when e v er t h e  b i rds 

were spaced o u t  mor e  than would be e x pec te d fr om ran dom 

occ u pa t ion o f  t h e  hab i t a t ) .  

The s t u dy ar e a  was traversed on foo t  a t  in te rv als , and th e 

p r es e nce or abs enc e of  i nd i v i d ua l s  was note d .  The r esu l ts o f  

each c ir cu i t  wer e  en te r e d  o n to t err i tory or f lo c k  log s ,  so 

t ha t  a h i s t ory o f  each magp ie loca l i ty was comp i le d .  

B ehav io ura l ob serv at ions o f  b o t h  banded and unma rked ma g p i e s  

were conduc te d from por t ab l e  ny lo n h i d e s  ( manu fac tur e d  a t  Len 

Sha:ler L t d . , Palmer s t on Nor th ) erected near the b ir d s , or 

from pos i t ions o f  c o ncea l me n t  i n  nea rby c lu mp s  of ve ge ta t io n .  

Average fl i g h t  d i s tanc es ( th e  d i s tanc e  b e tween ob server and 

s ub j ec t s  w hen the sub j ec t s  t ake  fl i gh t )  wer e  too gre a t  to 

a ll ow oppor t un i s t ic ob ser v a t io n s  to b e  ma de . 

A 'no- r e s t ra i n t ' or a d  l i b i tu m  me thod of  samp l i ng behav i ou r  

wa s employed ( Al t mann 19 7 4 ) .  A d  l i b i tu m  ob s er v at ions wer e  

mad e  wi th t h e  a i d o f  1 0  x 4 0  b i noc u l a r s  ( Ze i s s )  a n d  r ec o r ded 

into f ie ld no tebook s.  Res u l t an t  data wer e  descr i p t i v e  i n  fo rm 

so that assump t ions abo u t  the true p r ob ab i l i ty o f  obs e rv i ng 

ind i v iduals and behav iour patterns  d id not have to be 
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s a t i s f ie d  ( A l t mann 1 97 4 , Lehner 1 97 9 ) . Th i s  samp l i ng techn i q ue 

prov ided a forma l fo rma t fo r the early e x plora t io n  o f  the 

s tudy a r e a ,  wi tho u t  exc lud i ng for tu i to u s  obs e rv a t ions o f  

unusu a l  or r a r e  e ven ts . 

2 . 1 . 8 Samp l i ng Dens i ty 

To ob ta in e s t i ma tes of  pop ul a t io n den s i ty ,  the number of  

magp i e s  l iv i ng wi th in t h e  boundar i e s  of  the s tud i e d  area was 

fo und ( pop ula t io n  s i z e ) , and ex pre s s ed in r e l a t io n  to th e 

mea s ur e d  s iz e  of  t h e  s tudy are a .  

The s i z e  o f  the s tudy area wa s fo und from a compo s i te aer i a l  

pho t ogra ph wh ich had been ca l i b ra te d  fr om 8 mea sure me n t s  o f  

r e a l  d is t anc es b e tween landma rk s .  Terr i t ory s i z es were fo und 

by t rac i ng approx i ma te ter r i tory bo unda r i e s  o n t o  t ranspa r e nt 

d raught ing paper , and we i g h ing the p ie ces o f  paper enc ompassed 

by each per i me ter . 
2 

The w e i g h t  o f  a 1 0 mm p ie c e  of  the same 

paper was e mp l oyed to de termine the ter r i tory s izes  

rep res en te d  by each me asu reme n t .  A Me t t ler  AE 1 60 b a lance wa s 

use d .  Bo undar i es were on l y  approx i ma te becaus e magp ies  we re 

no t ob served  to de fend all l i mi t s of  their territories, and 

because the o u t  1 i n es were no t d rawn fr om rrBrk s made in the 

f i e ld . 

Separate population dens i ty est i ma tes ·..;er'e prep ared fo r 

l oca l l y d i s t r ibuted mob i le magp i es a n d  se den tary magp i e s . A 

cap tu re-r e c a p ture tech n i q ue de v e loped by F i sh er and Ford 
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( 1 9 47 )  for severa l  r e l e as es and s e vera l  r e cap t ur es ( Begon 

1 97 9 ) was ap p l i e d  to the data col le c te d  fr om mob i le b ir d s .  

Popu lat ion s ize was esti mate d by as su m i ng t h a t  the ra t io o f  

ma rk s to total in d i v iduals in  a day  i sa mple i s  t h e  sa me a s  i n  

t he total p opu l a t ion : 

( m.+ 1 )  1 

wh er e N. = es t i ma te d  p op u l a t ion s i z e  on  day  i 1 
n. = t he n u mber of i n d i v iduals caught on day  i 1 
m. = t he number o f  ma rked  ind i v iduals caught on d a y  i 1 
M. = t he n umb er o f  ma rk s a t  r i s k  on day i .  1 

M. was calc ula ted by compa r i ng the d a y s  surv i v e d  by ma rk s in 1 

the sa mp l e s  w i th the days  surv ived by mark s i n  t he pop ula t io n .  

I n i t ia l  c ap t ur es wer e band i ng even ts  a n d  la ter ' re c ap tures ' 

were ma de d u r ing r o u t i n e  wa tches o f  th e noma d i c  floc k . The 

F i sher - F o rd me thod as su mes tha t surv iva l r a t e  i s  cons tan t ,  and 

in common wi t h  o t her cap tu re-reca pture me th od s demands that 

ma r k s  a r e  permanent ( and corr e c t l y  iden t i f ie d ) ; th at 

ind i v iduals are unaffec ted by ma rk ing ; tha t  a ll i n d i v id uals 

h ave an equa l chance of be i ng caug h t ; and t ha t  a l l  

i n d iv iduals hav e a n  equal chanc e o f  d y ing o r  e m i g r a t ing ( Be gon 

1 979 ) .  The es t i ma te d  parame te r s  a r e  der i v e d  b y  gro up i ng data 

toge ther t o  produce a s ingle surv i v al- r a te . Samp l e s  a r e  

comb ined and sampl i ng error s t here for e t e n d  t o  ca nce l o u t .  

Sede n tary b ir d s  were samp l e d  by the area count or spot -map 

me t h od ( D av i s  1 9 82 ) , d e sp i te the  i n te rpre tat iona l pr oblems 
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i n he r e n t  in  the tec h n i q u e  ( B es t 1 9 7 5 ) .  The s tudy area was 

sys te ma t ica l ly sear ched and magp i es s e e n  or  heard were no te d .  

Th i s  p roc edure allowed d ir e c t  enume r a t i o n  o f  seden tary b ir d s ,  

and a map o f  b i rd loc a t ion s was d eve l ope d .  

The e ff i c iency o f  census ing b y  the terr i tory map p ing te c h n i q ue 

was es t i ma te d  us i ng the me thod p ub l i shed b y  Svens son ( 1 97 8 ) .  

I t  wa s sh ow n  from a b inom i a l mode l tha t  as  v is i t e f f i c iency 

( th e  rat i o  between the r e su l t  of a s i ng l e  v is i t  and the t rue 

numb e r  of terr i tor i e s ) increased to 80%, then 9 9 %  of the 

ter r i tor i e s  sho u l d  be iden t i f ie d  a f te r  5 va l id v i s i t s  wi th a n  

accep tanc e l e v e l  ( mi n i mu m  numb er o f  poin t-records requ ir e d )  of  

2 .  From the  p ub l i shed t ab le i t  was  then pos s i b l e  to  de term ine 

the m i n i mu m  numb er of  r e g i s t ra t io n s  requ ir e d  fo r v ar io us 

number s of  va l id v i s i t s ,  in  order to ob ta i n  9 0% c ensus 

e ff i c iency fr om v is i ts of  85% eff i c ie nc y .  

2 . 1  .9 Stat i s t ica l Ana lys es o f  t-1o rph o me t r ic Measuremen t s .  

Two sa mp le t - t e s t s  o f  the d i fferen c es between var iab le me an s 

for each a ge c lass were conduc ted ( w itho u t  as sum i ng e q ua l  

var ianc e )  u s ing MI NIT AB (Ryan , Jo iner and Rya n  1 9 76) . 

The �e a sur e men t s  on  seven var i a b l e s  ( we ig h t ,  t ar sus l e ng th ,  

toe length , toena il l e ng th ,  b eak length , b eak dep th , and beak 

� i d th ) ob ta ine d fr om the t r apped sa mp l e  of adu l t  magp ies o f  

k nown s ex we r e  sub j e c t e d  t o  a d i scr i m i nan t func t io n  ana ly s i s .  

Th i s  techn ique perm i t te d  a n  op t i ma l  l inea r comb inat ion o f  the 
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var i a b le s  t o  be deve loped , fo r use i n  s ex ing o th e r  t r a pped 

magp i es o n  the bas i s  of morpho l og i ca l me a sur e me n t s  a lon e .  

The bas i c  s t ra te gy i n  d i scr i m i n an t func t io n  an a ly s i s  i s  t o  

form a l inear comb in a t ion of  the mea sured var i ables  s i mi l a r  t o  

L=B 1 X1 +a2x2+.,,.BPXP 
whe r e  X

1
=var i ab l e  one 

X
2

= va r i ab le two 

X = the p th v ar i ab le 
p 

B= a cons tan t 

and th e r e  are n
1 

i n d iv iduals in  group ( pop ula t io n )  1 ,  and n2 

i nd iv idua ls in  group ( p opu la t i o n )  2 ( K le i nbaum and Kupper 

1 9 7 8 ) .  

A d u mmy v ar i a b le i n d i c a t ing g r o up me mbersh i p  ( in th i s  c as e ,  

s ex )  was cre a te d  and b i rds iden t i f i e d  a s  ma l es wer e  score d 1 ,  

wh i le fema les wer e  scored as 2 .  Mag p ie s  o f  unk nown s ex were 

scor e d  0 and c l ass i f ied a s  ma l e o r  fema l e  on the bas i s  o f  L 

ob tained  fr om each i n d iv idual , a ft e r  th e d i sc r i m i n an t  f u nc t io n  

had been  ca l c u la te d  fr om a stepw i s e  regr ess ion pr ocedure. 

S ubp rogramme D I SC R I M I NANT i n  the  SPSS s er i e s  was employed  for 

th i s  ana ly s i s  ( N i e ,  N.H. e t  al 1 97 5 ) .  

2 . 1  . 1 0 Calcula t io n  o f  D i sp e r s i o n  Measu re. 

A quan t i ta t i v e  mea sure o f  spa t ia l  re l a t ionsh i p s  i n  p opu l a t ions 

is the d i s tanc e t o  nearest n e i gh bour , d e v e loped by C la r k  and 
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Evans ( 1 9 5 4 ) .  The neares t ne ighbour ana lys i s  i s  a mea sure o f  

t h e  ma nner a n d  de gree to w h i c h  t h e  d i s t r i b u t ion of  ind i v id uals 

in  a p opu l a t i o n  on  a g i ven a r ea d epa r t s  from that o f  a random 

d is t r i b u t i o n  ( C la r k  and Evans 1 9 54 ) .  The ra t io of  th e me an o f  

mea sured near es t ne igh bo ur d i s ta nc es to the me an d i s ta nc e  

w h i c h  would b e  e x pec ted i f  the  pop u la t ion were ran domly 

d i s t r i b u ted is  ca l c u l a te d ,  and used as  a me a sure o f  the degree 

to which the ob serv e d  d i s t r i b ut io n  ap proaches or dep arts  fr om 

random expec ta t io n .  I n  a random d i s t r ib u t ion R = l , under 

cond i t io ns o f  max i mu m  aggre ga t io n  R = O ,  and under c ond i t io ns of 

max i mu m  spac i ng R = 2 . 1 4 9 1 . I f  R i nd icates  that t h e  p opu l a t ion 

is not randomly d i s tr i b u te d ,  then th e s ig n i f i c anc e of  the 

d i f fer e nc e  be t ween means can be de term ine d from th e Pear son 

type I l l  d is tr i b ut io n .  

I n  th i s  s t u dy , e a c h  ' n e ighbour ' w a s  t h e  nexus o f  a terr i tory . 

The terr i tory n e xu s  cor r e sponded to  that p lace in  the 

terr i tory which wa s ob serv ed to b e  mo st  fav o ured by the 

occ upan t s ,  and was u sua l l y  a l so the l oca t ion of nest s i te s .  

2 . 2 . 0  Results 

2 . 2 . 1  Two Pop u l a t i o n  P ha s es .  

Two pop u la t io n  pha s es were d i s t ingu ished on the bas i s  o f  

use-of- s pa c e  cr i te r i a . 

1 5 2 8  s i g h t ing s o f  s i te-a t t ache d  ( s eden tary ) ma g p ie s  were 
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l og ge d  be t ween June 1 97 8  and Ma y 1 9 8 2 . Thes e bi rds we re fo und 

to be ac t i v e ly de fend i n g  areas p ivoted about t re e  c lu mp s  or 

l e ng ths of  t r ee l in e .  

Almo s t  4 0 0  s ig ht ing s o f  noma d i c  b ir d s  we re logged dur ing the 

same per i o d . Thes e  an i ma ls fora ge d  i n  f loc k s  o n  unde fe nde d 

pastures in  the study area , and we re ob served to roost 

t oge t her i n  t r ee-c l u mp s  at  the e dge of  the are a .  A n  unk nown 

numb e r  of magp ies fed wi th in th e s tudy area , but  ma de long,  

h ig h  dawn and dusk fl ights to other d es t ina t io n s .  

2 . 2 . 2  The Noma d ic Floc k .  

A floc k o f  35 magp ies was f i r s t  ob ser v e d  i n  the s tudy area on 

2 8- 8-7 8 . A week l a ter  4 4  b i rds were coun te d a t  th e same 

loca l i ty ,  sh own on F i gure 2 . b , and regu la r 

ob s e rv a t ion of  t hes e b i rd s  c om me nc e d .  

per i o d s  o f  

F o ur s epara te band ing e f forts  were ma de i n  f lo c k  gr ounds 

bet ween Sep tember 1 97 8  and F eb rua ry 1 9 79 . 

i n d i v idua ls wer e  me asured and colo ur - b ande d ;  

A tota l o f  33 

26 from Age 

C lass  Fo u r ,  3 from A ge C lass F iv e ,  and 4 from A ge C lass S i x .  

One-quarter o f  the tra pped sa mple cons i s te d  o f  pa r t l y  

b lac k-backed magp i e s  ( Co lo u r  C lass e� B , C , D ) , a n d  th e rema inder 

wer e whi te-bac ked . 

The mo rp home tr i c  me asureme nts are s u mma r i s ed on Tab le 2 . b . 
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F IGURE 2 . b .  Di s tri but ion  of fl ock  magp i es i n  the L i nton s tudy a rea , and  l ocat i o n  
o f  a short-term terri tory estab l i shed by fl oc k b i rds . 
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TABLE  2 . b  

Morphometri c meas urements of  fl ock  magpi es  

Age c l a s s  4 Age Cl ass  5 + 6 T Tes t  MU 1 = MU2 

n 26 7 

Vari ab l e 

Wei ght  - 319 . 2  345 . 7  X t = -2 . 85 
( gms ) s 20 . 3  22 . 3  

S - 4 . 0 8 . 4  p = 0 . 022* X 
max 355 . 0  380 . 0  
mi n 285 . 0  325 . 0  

Tarsus  - 55 . 4  55 . 4  X t = -0 . 00 (mm )  s 3 . 1  2 . 8 
S-X 0 . 6  1 . 0  p = 1 . 0  

max 6 1 . 0  60 . 0  
mi n 49 . 5  52 . 0  

Toe 
-

30 . 5  30 . 0  X t = 0 . 34 (mm )  s 2 . 3  3 . 0  
S-X 0 . 4  1 . 1  p = 0 . 74 

max 36 . 0  34 . 0  
mi n 26 . 0  25 . 0  

Toena i l - 1 1 . 9  1 2 . 2  X t = -0 . 55 (mm ) s 0 . 9  1 . 2  
S-X 0 . 1 0 . 4  p = 0 . 60 

max 14 . 0  14 . 5  
mi n 9 . 5  10 . 5  

Beak X 48 . 3  52 . 2  t = -2 . 1 1 1 ength s 3 . 8 4 . 7  
( mm) S-X 0 . 7  1 . 8  p = 0 . 068 

max 54 . 0  60 . 0  
mi n 35 . 5  45 . 0  

-Beak 20 . 6  2 1 . 9  X t = -2 . 00 depth s 2 . 3  1 . 6 
( mm )  S-X 0 . 4  0 . 6  p = 0 . 066 

max 24 . 0  20 . 0  
mi n 1 1 . 0  20 . 0  · ' 

-Beak 18 . 1  18 . 8  X 
-0 . 95 wi dth s 2 . 4  2 . 0 t = 

(mm )  S-X 0 . 4  0 . 7  p = 0 . 36 

max 2 1 . 5  2 1 . 0  
mi n 10 . 0  1 5 . 0  

where * = P < 0 . 05 



Only t h e  body we igh t var i ab l e  wa s fo und t o  d i f fe r  s ign i f i can t l y 

b e tween the age c l a s s es at t he 9 5 %  l e v e l . O l d e r  ma g p i e s  in 

t he f l oc k  were heav ier tha n the yo un ge r b i rd s .  Beak l e ng th 

and dep th me asureme n ts tended to be sma l ler  in  th e young e r  

magp i e s , b ut the d i f fer ence was n o t  s i gn i f ica n t . Fu l l  a d u l t  

s i z e  ma y n o t  b e  ach ieved  b e fo r e  3 year s o f  a ge . 

A n  a t temp t  was mad e  t o  c l as s i fy the f loc k  sample o f  3 3  

me asured i n d iv iduals b y  sex . N i n e  a d u lt ma les  and n in e  adult  

fema le s  ( s ee s e c t ion 2 . 2 . 3 )  fo rme d the  data s e t  for a 

d is c r i m i na n t  func t io n  analy s i s .  The analy s i s  i s  s u mma r i s ed o n  

T ab l e  2 . c . 

The var i a b le s  tarsu s len gth , toe len gth and b eak l e n g th were 

fou n d  ( t hr ough s t epw i s e  r egr ess io n )  to cont r ib u te the mo s t  

u s e f u l  me asures in  t h e  d i scr i mi n an t  f u nc t io n .  When ap p l i e d  t o  

t h e  in i t ia l  samp l e  o f  1 8  a du l t s  o f  k nown s e x ,  the func t ion 

cor r e c t l y  c la s s i f i e d  7 8% of th e i n d i v iduals . 

When c las s i f ie d  by the procedur e descr i be d  a b ove , th e sample 

of 3 3  ind iv i d ua l s  of u nknown s ex was fo und t o  c ompr i s e  1 1  

ma les  and 22  fe ma le s . The c la s s i f i ca t ion conf irme d later 

f ie ld i d en t i f icat ions of s ex for al l of the 5 magp i e s  ( 3  

ma les , 2 fema les ) for w hom a v isual  s ex ing at temp t had been 

ma d e .  

Thr o ughout th i s  d i scr i minant  func t io n  analy s i s  i t  wa s assumed 

t h a t  all  mea sured var i ab l es could  b e  cons i d er e d ,  r e ga rd l es s  o f  

28 



TABLE  2 . c  

Resu l ts of d i scr imi nant functi o n  ana lys i s 
on  tarsus , toe and beak l ength mea surements 
of 18 sexed magpi es  and  33 unsexed magpi es 

Pred i cted Group Members h i p  
Ma l e  Fema l e Actua l Group No . of  Ca ses 

Ma l e  9 6 3 

66 . 7% 33 . 3% 

Fema l e  9 1 8 

1 1 . 1% 88 . 9% 

Ungrouped 33 1 1  22 

33 . 3% 66 . 7% 

C l a s s i fi cat ion  Funct i o n  Coeffi c i ents 

Var i ab l e Ma l e  Fema l e 

Tarsus  l ength 6 . 499376 6 . 280 153 

Toe l ength 4 . 127588 3 . 844738 

Beak l ength 1 . 896850 1 .  723930 

Constant  -302 . 8236 -272 . 9843 
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the age o f  the me asured b ird . I n  o t her word s ,  the poss i b i l i ty 

that d i f fer e nc es i n  body s i z e  due to age con found e d  sex 

d i f fe renc es wa s i g nor e d .  S i n c e  fema les tended to be  sma l le r  

t h a n  m3 les  ( s e e  s e c t ion 2 . 2 . 4 ) ,  you nger - a n d  s ma l ler- magp i e s  

would be - c la s s i f i e d  as  fema les , rende r ing t h e  ma le es t i ma te 

cons e rv a t i v e .  

I t  was sh ow n  above tha t there was a poss i b i l i ty that o n e  of 

t h e  c l as s i fy i ng va r i ab l e s ,  beak l e ng th ,  was sub j e c t  t o  age 

e ffe c ts . The r e fore a s econd d i scr i m in an t func t io n  analy s i s  

was per forme d ,  w i th on ly tar sus l e ng th and t o e  l e ng th 

spec i f i e d .  

Th i $  t i me ,  only 6 7 %  o f  the cases of k nown s ex were c or r e c t l y  

c l ass i f ie d ,  1 2  b i rds  were gro uped wi th the ma l e s , a n d  2 1  were 

cons idered  to b e  fema le .  When a ge effe c ts were control le d ,  

one  b i rd was r e c l as s i f ie d  fr om fe ma l e  t o  ma l e .  

The es t i ma te tha t 3 3 %  of th e noma d i c  f lo c k  b ir d s  were ma le and 

6 6 %  were fe ma l e  mus t r e ma i n  cons e rv a t i v e  howeve r ,  bec aus e o f  

the sma ll  sample s i z es ( n
m= 9 , nf

= 9 ) fr om w h i c h  the or i g inal  

func t io n  was  der i v e d .  

The s i z e  o f  t h e  mob i le pha s e  of th e pop u la t io n  was es t i ma te d  

fr o m  c ap ture - r e c ap ture d a t a ,  for the sp r i ng o f  1 97 8 . The 

es t i ma te d  pop ula t io n  parame te r s  are pres en te d  on Table 2 . d . 

The est i ma te d  s ize  of t h e  mob i le  phas e wi th i n t h e  s tudy area 

fe l l  over 6 5  days from 242 to 3 6 ; the es t i ma te d  da i ly 
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TABLE  2 . d  

Popu l ati on parameters est imated from fl ock  
recaptures , u s i ng Fi sher-Ford method 

1\ 1\ 1\ 
Day Days e l a psed N . L .  B . 1 1 1 

1 

2 1 7  242 24 

3 14 1 18 1 2  33 

4 9 139 14 -72  

5 1 1  53 5 - 30 

6 1 1  18 2 20 

7 3 36 4 

1\ 
where N i 

= est imated popu l at ion  s i ze on  
day i 

" 
L . = est imated l o sses  to day i 1 
" 
B . = est imated addi t i ons  to  day 1 

a nd cp ( dai l y  s urv i va l  rate ) was 0 . 9  
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surv iva l r a te was 0 . 9 .  

Pop u la t ion den s i ty i s  es t i ma ted i n  s ec t io n  2 . � . � . 

By m id-J anua ry 1 97 9  mo s t  f lo ck b i rds for a ge d  on  the t ree l e s s  

pastures at t h e  eastern l i m i t  o f  t h e  s tudy area ( s ee F i gure 

2 . b ) . Thes e pas t ur es were  sh or t ,  grazed by she e p ,  a nd 

frequen tl y  b i sec te d  by deep but  gras s ed g u l l i e s . About 2 0  

mag p i es w e r e  s t i l l  us i ng th i s  area in  Janua ry 1 9 8 2 .  

Another loca l conc entra t io n  o f  mo b i l e  b ir d s  wa s d e te c t e d  on 

1 �- 9- 8 0 .  More t ha n  2 0  magp i e s  o f  A ge C lass  Fou r  wer e  r e c orded 

f l y ing , s i ng ing and forag ing i n  th e a re a  i n d icated  on  F i gure 

2 . b . On 3 - 1 2-80 , 2 8  young magp i e s  were coun t e d  in  the area 

b u t  by January 1 9 82 th i s  flo c k  had d i s s i pa t e d  and the area wa s 

o nc e  more de fended by  sedentary magp i e s .  

A th ird  floc k  o f  1 2  ma gpies  wa s f i r s t  ob ser v e d  7- 8- 82 , in 

t ree l e s s  p as ture at the nor the r n  s i d e  of th e s tudy a r e a  ( s e e  

F i gure  2 . b ) .  Th ree i n d iv iduals o f  Age C la s s  Four were c o unted 

a mo ng s t  t h es e  an i mal s .  

docume n te d .  

The fate o f  th i s  f loc k  was not 

Flock  b ir d s  banded in  1 9 7 8  wer e  r e s i g ht e d  in tha t area un t i l  

J u n e  1 98 0 . I n  add i t io n ,  3 f loc k - bande d i nd iv i dua l s  were 

r e s ig hted a s  terr i tor i a l  res idents . Two o f  th es e mag p ie s  were 

fema l es or subadu l ts in  gr oup- de fende d ter r i to r i e s  o ut s i d e  the 

study area , and were not i n d iv idually i d en t i f ie d .  
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The th i rd b i rd was r es ig h te d  i n  Mar ch and J un e  1 98 0  as an 

adult  ma le in c ompany wi th 3 and then 2 fema les or subadults 

a t  t h e  loca t ion ma rked on F i g ur e  2 . b .  The gro up was 

a t temp t ing to es tab l i sh a te r r i tory b ut had d i sappeared fr om 

that loca t io n  be fore the census in J anua ry 1 9 8 1 . The b i rd was 

va r io usly i d en t i f ie d  as ' w h i te-b l u e- r e d ' or ' w h i te-g reen- r e d ' .  

The forme r comb ina t ion ma rked  a magp ie  banded at  A ge C lass 

Four in  1 9 7 8  and i d en t i f ie d  as ma le  by th e d iscr i mi n an t  

func t io n  ana lys i s ,  whi l e  the lat ter comb inat ion iden t i f ied a 

floc k-banded subadult ( Age C la s s  F i v e ) scor e d  a s  fema le in the 

d i scr i m inan t func t ion ana lys i s .  D epend i ng o n  iden t i ty ,  th i s  

b ir d  had spent b e twe en 1 8  and 3 0  mo nth s  i n  th e mob i le pha s e  o f  

the p opu la t io n .  

The flo c k  b ir d s  under ob ser v a t io n d ur ing th i s  s tudy d id no t 

at te mp t  to r eproduc e .  

2 . 2 . 3  Mag p ie Ter r i tor i e s . 

Approx i ma t e  bounda r i e s  and dates o f  f i r s t  ob serv at ion fo r 

ter r i t or i es d i scovere d i n  the  s tudy a r e a  a r e  supe r i mpos e d  on  

the  s k e tchmap in F i gure 2 . c . Par t ia l  h i s t or i e s  o f  30 

terr i tor i e s  have been comp i led and form th e data- s e t  for 

s ec t ion 4 . 2 . 1 . Each ter r i tory is coded by nu mbe r on the map . 

D u r ing the c o ur s e  o f  the study , 22 te rr i t or ia l  res iden ts wer e 

t r apped and banded in  the s tu d y  are a . O f  th i s  sa mp l e , 1 2  were 

from Age C la s s  S i x  ( 7  ma les and 5 fema les ) ; 4 fr om Age C lass  
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FI GURE 2 . c . Approx imate boundar ies of  th i rty numbered magpi e  terri tori es i n  the 
L i nton study a rea , wi th dates of fi rs t observat i ons .  
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F i ve ( 2  m� les , 1 fem� l e  and 1 s ex - unknow n ) ; a n d  6 fr om Age 

C l a s s  Th ree ( sex unk nown ) .  Ele ven o f  th e ma g p i e s  ( 5 0 % ) were  

wh i te- bac k e d  ( Co lo u r  C l ass  A ) , and 1 1  ( 5 0% ) were  par t l y  b lac k­

back ed ( Co lo ur C la s s es B , C , D ) . 

S i x  other a d u l t s  trapped in terr i tor i e s  o uts i d e  the s tu dy area 

wer e  added to the sa mp le of 1 2  adu l t s d e scr i be d  ab ov e , i n  

or d e r  to  ob tain  l i near d iscr i m i nan t func t io n s  f o r  u s e  i n  

c lass i fy i ng o ther magp i e s  b y  s ex ( s ec t i o n  2 . 2 . 2 ) . 

Tab le 2.c ab ove for a summa ry of  the analy s i s . 

R e fer to 

I nd iv idua l s  of k nown s ex from A ge C lass  F i v e  wer e  a dded to  the 

a d u l t  sa mple  for compa r i son of  morphome tr i c  me asureme n ts 

be t ween s ex e s ,  by t - tes t . The r esu l t s  a r e  sum ma r i s e d  on Tab l e  

2 . e . Ma les  h a d  s ign i f i c an t l y  lon ger beak s than fema le s ,  and 

tended t o  h ave d e epe r be ak s a l though t he d i f fer e nc e  was not  

s i g n i f  i c an t .  

Mor p h ome tr i c  me asu r emen t s  ob ta ined  fr om the  6 ma g p ie s  sa mp led 

in A ge C lass Thr ee are sum ma r i s e d  o n  T ab l e  2 . f .  A ft er 

t - t e s t ing aga i n s t  me asureme n t  me an s for adult  fema les , only 

bodywe i g h t  was found to be s i gn i f i c a nt l y  l ig h ter ( P <0 . 05 ) .  

Ter r i tor i a l  magp ie s  not y e t  one year i n  age had reached a d u lt 

p r opo r t ions i n  every  me a s ur e  excep t b od y we igh t ,  b u t  note that 

Age C la s s  F o ur b ir d s  in the la rger f l o c k  samp l e  had sma l ler 

b e ak s than thos e i n  A ge C la s s  F i ve and  S i x  ( s e e  s ec t ion 

2 . 2 . 2 ) . 
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TABLE  2 . e  

Morphometri c measurements of terri tori a l  ma l es and fema l e s 

Mal e Femal e T Te st  MU 1 = MU2 

n 1 1  1 0  

Vari a bl e 

Wei ght - 360 . 0  351 . 0  X t = 0 . 66 ( gms ) s 35 . 5  26 . 3  
S-X 10 . 7  8 . 3  p = 0 . 52 

max 445 . 0  405 . 0  
mi n 320 . 0  3 10 . 0  

Tarsus  
-

56 . 9  54 . 9  X t = 1 . 57 (mm ) s 3 . 7  2 . 1  
S -X 1 . 1  0 . 7  p = 0 . 14 

max 6 1 . 5  58 . 5  
mi n 52 . 5  5 1 . 5  

-

Toe 31 . 9  30 . 2  X t = 1 . 53 (mm ) s 2 . 7  2 . 6  
S-X 0 . 8  0 . 82 p = 0 . 14 

max 28 . 0  35 . 0  
mi n 33 . 0  26 . 5  

Toenai  1 - 12 . 2  1 1 . 4  X t = 1 .  7 1  (mm ) s 1 . 2  0 . 8  
S-X 0 . 4  0 . 3  p = 0 . 1 1  

max 14 . 5  1 2 . 5  
mi n 1 1 . 0  10 . 0  

Beak - 53 . 1  47 . 4  X t = 2 . 17 l ength s 4 . 3  7 . 2  (mm ) S-X 1 . 3  2 . 3  p = 0 . 04* 

max 64 . 0  52 . 0  
mi n 49 . 0  27 . 5  

Bea k 
-

2 1 . 3  20 . 1  X t = 1 .  96 depth s 0 . 9  1 . 8  (mm ) S-X 0 . 3  0 . 6  p = 0 . 07 

max 22 . 5  23 . 5  
mi n 20 . 0  18 . 0  

-

Bea k 17 . 7  1 7 . 3  X 
wi dth s 1 . 7  1 . 8 t = 0 . 44 
(mm ) s -X 0 . 5  0 . 6  p = 0 . 67 

max 2 1 . 0  2 1 . 0  
mi n 16 . 0  1 5 . 0  

where * = P < 0 . 05 
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TABLE 2 . f  

Morphometri c mea surements of Age Cl a s s  3 magpi es  

Var i ab l e X s S -X max mi n 

We i ght  ( gms ) 320 . 0  16 . 1  6 . 6 345 . 0  295 . 0  

Tarsus  (mm ) 55 . 9  2 . 4  1 . 0  60 . 5  54 . 0  

Toe (mm ) 30 . 6  1 . 3  0 . 5  33 . 0  29 . 0  

Toena i 1 (mm ) 1 1 . 3  1 . 3  0 . 5  14 . 0  10 . 0  

Bea k l ength (mm ) 48 . 7  2 . 4 1 . 0 52 . 5  4 6 . 0  

Bea k depth (mm)  20 . 3  0 . 5  0 . 2  2 1 . 0  20 . 0  

Bea k wi dth (mm ) 18 . 0  2 . 7  1 . 1  2 1 . 0  14 . 0  



The s iz e  of the s eden tary pha s e  o f  the pop ula t io n  wa s 

de te rm in e d  by d ir e c t  enume r a t ion dur i ng fo ur summe r c en su se s  

i n  th e s tudy area . Alth ough fe w of  the terr i tor i a l  r e s i d e n t s  

were co lo ur - bande d ,  i nd iv idua l mag p i es w i th i n t h e  s tudy area 

v ar i e d  in th e pat t erns of nap e and back plumage an d were 

read i ly i dent i f i ab l e . O thers l i mpe d or d i splayed such 

i d i o sy ncra t i c  b ehav io ur tha t  they . could 

r e c ogn i s e d .  

be con t i n ua l l y  

F r om J anuary 1 9 7 9  to J anuary 1 9 82 ,  8 4  terr i tory i n ven tor i e s  

were comp le te d  2 0  i n  1 97 9 , 2 7  i n  1 98 0 , 2 1  i n  1 9 8 1  a n d  1 6  i n  

1 9 8 2  ( Ta b l e  2 . g) .  J u s t  over ha l f  ( n= 4 8 ) o f  thes e c o unts were 

fr o m  1 2  ter r i t or i es and r ep r es e n te d  a cont i n uo u s  r ecord o f  

occupanc y o v e r  3 6  mo n t hs ( Ta b l e  2 . h ) .  

A t ota l c e n sus eff ic iency o f  9 0% was ach i eve d .  ( See Tab l e  One 

o f  th e A ppend i x  for  conf irma t io n ) . 

I t  wa s found that t h e  a d u l t  ma le : fe ma l e  ra t io r e ma in e d  at 1 : 1  

thr o ughout the study , and tha t Age C la s s  Three mag p i e s  ma de up 

abo u t  3 0% of the sedenta ry sum me r  p opu l at ion s .  An average 

annual produc t io n  of 0 . 9 6  j u v en i les per adult fema le wa s 

ca l c u l a te d  from t h e  samp l e  of 1 2 r e gu lar l y  samp l e d  

te rr i tor i e s . 

The n u l l  hy pothes i s  tha t  th e fo ur annua l  co un t s  wer e  d ra wn 

from t h e  same p opu lat ion wa s t es te d us i ng Fr i e d man ' s  two- way 

ana ly s i s  of var i a n c e  by rank s .  Ea ch r ow i n  th e analy s i s  
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TABLE  2 . g  

Summer census  cou nts of terri tori a l  magp i es 

Year 1979 1980 1981 . 1982 

No . terri tori es 20 27 2 1  16 

No . magpi es 88 1 2 1  82 65 

No . adu l t mal es  27 40 30 20 

No . adul t fema l es 26 31 23 20 

No . age c l a s s  5 b i rds 0 1 4 1 

No . age c l ass  4 b i rds 4 9 2 2 

No . age c l ass  3 b i rds 29 3 1  1 9  19  

No . unc l a s sed b i rds  2 9 4 3 

TABLE 2 . h  

Summer census  counts of 1 2  c l osel y-watched terri tori es 

Year 1979 1980 1981 1982 

No . terr i tori es  1 2  1 2  1 2  1 2  

No . magpi es  47  53  48  48 

No . adu l t mal es  1 5  16 17 1 3  

No . adu l t fema 1 es 16  1 5  1 5  1 4  

No . age c l ass  5 b i rds 0 1 3 1 

No . a ge c l a s s  4 b i rds 2 3 1 2 

No . age c l ass  3 b i rds 14 18 1 1  1 5  

No . unc l a ssed b i rds 0 0 1 3 



r ep r esen te d  a ma tched se t o f  sub j e c t s  ( A ge C l a s s  S i x  ma l e s ,  

Age C la ss S i x  fema les , Age C la ss F i v e  b ird s ,  Age C l a s s  Fo ur 

b i rd s  a n d  A ge C l ass Three b i rd s )  fr om th e 1 2  ter r i tor i e s ,  and  

the colu mn s  repre s en te d  the fo ur c en su s  c o un t s . The s c ores in  

each  row ( pr opor t ion o f  t h e  annua l coun t i n  a g i v e n  a ge / sex 

c la s s ) were rank ed fr om low e s t  ( 1 ) to h ig hes t ( 4 ) ,  and 

Fr iedman ' s  test wa s used to  de t e rm i n e  whe ther the rank tota l s  

i n  e ach y e a r  d i ffered s i gn i f i c an tl y . A v al u e  o f  X = 0 . 4 2 wa s 

ob t a i ne d ,  caus i ng t h e  nul l hy pot h es i s  to  be r e t a ine d .  The 

n u mbers  o f  mag p ies  in each age and s ex c la s s  d id not vary 

s ig n i f icant l y  from year to ye a r .  

T h e  to t a l  sa mp l e d  pop u lat ion r a n ge d  in  s i z e  fr om 65  ma g p ie s  in 

J anua ry 1 9 82 ( 1 6  terr i tor i e s )  to 1 2 1 b i rds  in  J anua ry 1 9 80 ( 27 

t er r i tor ie s ) . Den s i ty es t i ma te s  we r e  prepared  fr om thes e d a t a  

i n  s ec t ion 2 . 2 . 4 . 

No data o n  l o nge v i ty wer e  c o l l e c te d  d u r i n g  th i s  s tudy , b u t  the  

mea n  surv iva l r a te o f  adu l t s  i n  t h e  1 2  ter r i tor i es mo n i tored 

for 36 mo nth s wa s es t i ma t e d  to  b e  0 . 8 5 . A t o ta l  o f  3 5  adults  

cont r ib u te d  1 0 6 7  magp ie-mon ths to  the  s u rv iva l dat a ,  and  

cau ses o f  " d e a th "  ( d i s appearance fr om a ter r i tory ) were  not  

know n .  

2 . 2 . 4  Mag p ie D i sper s io n  i n  the Stu dy Ar e a .  

P opu l a t ion s iz e  es t i ma t es were p r epared sepa r a te ly for e a c h  o f  

th e two p op ula t io n  pha s es .  The e s t i ma te d  numb e r s  of mob i le 
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b i rd s on f loc k gro und s in  t he spr i ng and ear ly  summer o f  1 97 8  

we re sumna r i s ed o n  T�b le 2 . d  abov e ,  and th e c o un te d  numb e r s  o f  

sedenta r y  magp ies  i n  ter ri tor i es we re g i v e n  o n  T a b l e  2 . g  

abov e .  

The s i z e  o f  th e s t u dy area wa s fo und fr om the ca l i b ra te d  

aer ia l phot ograph 2 
to b e  3 . 03 km ( 3 03 Ha . ) .  Tha t part o f  the 

a r e a  obs e r v e d  t o  be used by mob i le  magp i es between S ep t e mb er 

1 9 7 8  and Jan uary 1 9 82 and c a l l e d  the ' f l o c k  ground s ' me asured 

0 . 3 5 k m  
2 

( 3 5  Ha . ) , and was j u s t  over 1 0% of th e total  stud i e d  

a re a .  The i n i t ia l  dens i ty o f  f l oc k  b i rds  i n  1 97 8  was 2 4 2/ 0 . 35 

ma gp ie s per square k i lome tr e ,  or 7 b i r d s  per  hec t are . S i x ty 

f i ve d ay s  la te r ,  dens i ty had fa l l en t o  1 mag p i e  per h e c ta r e .  

Se vera l i n s tan taneous den s i ty e s t i ma tes for the terr i tor i a l  

phas e wer e pr epare d .  App r ox i ma t e  s i z e s  o f  3 0  ter r i t or i e s  were 

fou nd fr om the aer ia l photog raph and u s ed for the den s i ty 

ca lcu l a t ion s . I n  Janua ry 1 97 9 , 88 b i r d s  were counted i n  20 

t err i tor i e s  w i t h  a total area of 1 . 2 k m
2 

( 1 2 4 Ha . ) .  The 

dens i ty wa s 0 . 7  ter r i tor i a l  magp i e s  pe r h e c ta r e .  The average 

de ns i t y  ov er 4 years fr om the 1 2  cont i n uo usly  c en su s ed 

t er r i t or i es ( area 7 1 . 5  H a . ) was 0 . 7 b i rds / H a . , and the 

dens i t y  c a l c ulated in  1 9 8 0  ( when 2 7  terr i tor i e s  wer e c o unted 

o v e r  1 4 6 H a . ) wa s 0 . 8 .  

The r e  wa s no cor r e l a t ion b e tween the number of b ird s per 

ter r i tory and ter r i tory s i z e  ( r  =0 . 2 26 , n= 1 2 ,  P > 0 . 1 0 ) .  
s 
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The pa t ter n of d i s t r ib u t io n  of t h e  ter r i tor ia l  phase was 

c a l c u la ted fr om nearest ne igh bour d i s t anc es be twe en terr i tory 

n e x us e s .  The mean ob se rved d i s ta nc e  to th e nearest  n e ig hb our 

wa s 2 29 . 8 m ,  wh i l e  the me an e x pec ted d i s tance wa s c a lc u la ted to 

b e  1 03 . 5 m .  For th i s  d i s t r ib u t io n ,  R = 2 . 2 2 ,  equ iva len t to a 

d i s t r i b ut io n  i n  which the me an d i s tance to the near e s t  

ne igh bo ur ( the n exus  o f  the n ex t  ter r i to r y )  i s  max i m i se d .  The 

c en tre po i n ts o f  i n d iv idual terr i tor i e s  were un i formly 

d i s t r i b u te d .  

2 . 2 . 5  Stereoty ped D i sp l a y  B ehav io ur . 

A d  l ib i tum r ecords of the pe r for manc e of s te r e o ty pe d  a c t ion 

p a t te r n s  by ma gp ies cov er e d  fo ur soc ia l con t ing inc ies : ( 1 ) 

i n teract ions wi th conspec i f ic c o mpe t i tor s ,  ( 2 )  interac t ions 

w i th ma t e s  ( see s ec t io n  4 . 2 . 7 ) ,  ( 3 )  in te ra c t io n s  wi th yo ung 

( s ee s ec t io n s  4 . 2 . 6 and 4 . 2 . 9 ) ,  ( 4 )  i n te r a c t ions wi th pee rs 

( see s e c t i o n  3 . 2 . 3 ) .  Three d i sp la y s  p e r forme d  in  th e f i r s t  

c o n t ex t a r e  d e scr i be d  h er e .  

B i r d s  engage d i n  i n te r - and in tra ter r i tor i a l  d i sp utes wer e  

o f ten obs erved to a d op t  a hunched pos tur e ,  wi th fe a the rs 

f l u ffe d o u t  &nd b i l l  d ow n .  Wa l k ing wa s s t i lt e d  and fr eq uen tly  

i n t erru p te d  by  bouts of i n te n s e  pec k ing at  the  ground . Th i s  

po s ture i s  i l lus t ra te d  on F i g ur e  2 . d ,  and was ter med 

" b i l l - d own" d is p la y .  Th i s  d i s p l a y  was assoc iated  wi th o th e r  

aggr ess ive  ac t s  by  adu l t  magp i e s  and wa s cons idered to  per form 

a threaten ing func t io n .  
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B I L L - DOW N DISPLAY 

WI NG -T RE M BLI NG DISPL AY 

F I GURE 2 . d .  Stereotyped di sp l ay behav i our  of  magpi es . 



I n  s i mi lar so c ia l  in terac t io n s ,  ma g p ie s  wer e  some t i me s  

obs e rved t o  s tand o r  run wi th the w i ng s  o u ts t re tche d a nd 

t r emb l ing ra p id ly ( F i gure  2 . d ) . Th is  ac t io n  wa s performe d  

r epeated ly d UJ" i ng the spr i ng o f  1 97 9  b y  a subord inate fema le 

a t t emp t i ng to  reproduce in  te rr i tory [ 1 2 ] ,  when ever sh e wa s 

a pproached by the d om inan t  h e n .  Th i s  and o ther obs e rv a t ions 

led to the conc lus ion tha t  the " w i ng - t r emb l ing"  

func t ioned in appeas e men t .  

d i s p la y 

The th ird d isplay  wa s performe d by ma g p ie s  fly ing ov er 

ter r i tor i es in wh i c h  t h ey d i d no t lan d .  Th e b i rd s  " t i l te d "  i n  

f l i g ht f r om s i de to s ide , so tha t t h e  p l u mage o f  t h e  bac k wa s 

c lear l y  v i s i b l e  to t h e  ob se rve r .  A func t ion for th i s  d i sp l ay 

could not be de term i n e d , nor could gen e r a l  r u l e s  for i ts 

pe r formanc e .  

2 . 2 . 6  S i ng ing B ehav iour . 

I t  was only poss i b le dur ing th i s  s tu d y  t o  mak e  general  

obs e rv a t ions of  the ty pe and t i m i ng o f  voca l d i sp lay s .  

Magp ies voca l i s ed i n  d e fence o f  reso ur ces , dur ing a la rm i ng 

i nc ident s ,  in and a t  n es t s ,  and in l es s  obv io u s ly func t iona l 

ways ( such a s  soft sub so ng by y o unge r  b ir d s ) . 

The group s ing i ng wh i ch cha ra c t e r i s e d  magp ie occ upa ncy o f  

terr i tor i e s  wa s too comp lex  for an aly s i s  w i th out sound 

r ec o rd i ng equ ipmen t ,  but s ee me d  t o  the obse rver to i nc lu de a 

term i n a l  ' fl o ur i sh ' and to i n vo l v e  d u e t t i ng . 
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A l a r m  ca l l s  were e i ther two - no te vocal i sa t ions r epe a te d  unt i l  

the a l a rm wa s ov er , or a s i ngle th in  w h i s t l e  w h i c h  was 

d i ff i cu l t  to local i s e  and u sual ly pe r fo rmed towards even i ng .  

Cap t ive-reared ma g p i e s  began su b-song a t  about 4 mo n th s  o f  a ge 

and cont inued to  warb l e  qu ie t ly to  th ems e l ves a t  inte rva l s  for 

s everal  year s .  Sub-song wa s mo st  often heard in the f ie ld 

near noon on  wa rm and w ind l es s  d ay s .  

I nc ubat ing fema les wer e heard t o  beg fr om nes t s  ( se e  s ec t io n  

4 . 2 . 8 ) , and a d u l t s  pa r t ic i pa t i ng i n  n es t l i ng c a r e  voca l i s e d  

so ft ly t o  th e younge r  b ir d s .  Fr om f l e dg ing t o  ach i e veme n t  of 

ind ependence ( 4  mon ths o f  age ) , magp i es e l ic i t  food- excha nge 

from adu l t s  by voca l i s ing repeate d ly and l o ud ly .  

2 . 3 . 0  Discussion 

The ex i s tence o f  nume rous non t e rr i tor i a l  and nonr ep rod uc t iv e  

ind iv idua l s  wi th in a magp i e  p opu l a t ion w a s  f ir s t  d e scr i b e d  by  

Car r i c k  ( 1 9 6 3 ) . Flock  b ir d s  wer e v ie we d  as  a nonm i g ra tory 

o v e r f low fr om the ter r i tor ia l p opu la t io n ,  ab l e  to ex i s t 

becau s e  o f  the gener a l i s ed d ie t  and versa t i le fo rag ing 

behav iour of the spec i e s .  Th i s  s tudy h a s  conf i rme d th a t  a 

non terr i tor i a l  pha s e  cons t i tu te d  part o f  a New Z ealand 

p opu l a t ion . I n d ependen t young i n  p opu la t io n s  of the Wes ter n  

ma gp ie  ma y l i v e  in  sma l l  group s in  neu tral  z ones be tween 

n es t i ng ter r i t or i e s ,  and d i splaced a d u l t s  may t r ave l through 
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de fe nded a rea s ,  b ut the  occur r ence o f  l a rg e  aggrega t io n s  of 

no nbreed i ng a n i ma ls has no t been r epor ted ( R ob i n son 1 9 56 ) . 

Each o f  the non terr i t or i a l  floc k s  w h i c h  forme d  in  th e s tudy 

area was f i r s t  de tec ted in Augus t or ear l y  S ep tembe r ,  a t i me 

per iod cor r espond ing to breed ing by te r r i tory holders  ( see 

s ec t ion 4 . 2 . 2 ) . Al s o ,  ma ny of the f loc k member s  wer e  magp i es 

j udged by pluma ge appearan c e  to  be  age d be tween one and t wo 

year s ( A ge C la s s  Four ) . These obs e rv a t ions sug ges t that 

floc k s  were forme d fr om d i sper s ing j u ven i le s  which had 

m i g ra ted from t he t er r i tor ia l  phase o f  the p opu l a t ion , and 

tha t  emigra t ion fr om te r r i tor i e s  took p la c e  j u s t  p r ior to  the 

f l e dg i ng o f  t h e  n ex t  c ohor t o f  ch i ck s .  

The es t i ma t e d  chan ge i n  s i z e  o f  the f lo c k  w h i c h  forme d i n  

Spr i ng 1 97 8  demonst ra t e d  tha t  emigrat ion fr om ter r i tor ies was 

s i mu lt aneo us ,  and led to  an i n i t ia l  p e r i o d  o f  d i s p e r sa l  by the 

younger magp i e s . The mob i l e  bi rds  may have re tur n e d  to natal  

t er r i tor i e s  or  s e t t le d  o uts i d e  the s tu d y  area , before the 

f loc k  s t ab i l i s e d  a t  abo u t  35 ind iv idua l s .  Th e de gree o f  f lu x  

wi t h i n  the f lo c k  after for ma t ion wa s unk nown , but  bande d 

i nd iv idua l s  were s t i l l  present on  the f loc k gro unds 1 8-20 

mo n th s  l a ter . A r es tr i c te d  h ane r a n ge ma y enab l e  " f lo a te r s" 

or non terr i tor ia l  i nd iv idua l s  to  accumu la t e  k nowle d ge o f  the 

terr a in and to form bond s of a t tachme n t  and iden t i f i c a t io n  

wi th other an i ma l s  ( Sm i th 1 9 78 ) .  

A t  leas t one-th ird  o f  the ma gp ies  trap ped in  th e flock were 
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ma l e ,  based on morpho l og ical  mea suremen t s .  More ma l es than 

fema les of k nown sex ( 3 / 9 )  were incorrectly  grouped by the  

d i scr i m inan t func t ion ana ly s i s  so tha t  33% o f  the  in i t ia l  ma l e 

sa mp le wa s iden t i f ie d  as fema le .  I f  3 3 %  of the fl o c k  sa mple 

of ma l es was incorr e c t l y  ass i gned fe ma l e gro up i ng ,  then the 

actual  n umb er o f  ma les i n  the flo c k  sample wa s ab out 1 6 . Th is  

f igure would genera te a f loc k  s ex r a t io o f  1 6  ma l es t o  1 7  

fema les , or par i ty .  I n  th is  s tu d y  then , the proport ion of 

ma l e  magp i es in  the f loc k was be t we e n  3 0- 5 0% . Ma l e s  c ompr i sed 

6 1 % of the floc k b ir d s  s tu d ie d  in A u s t ra l i a  ( Ca rr i c k  1 9 7 2 ) , 

a l though the me th od o f  s ex i ng was no t d e scr i be d . I f  th e se 

sa mp le d i fferenc es r e f l e c t  true pop ul a t ion d i f fe renc es in 

f l oc k  s ex r a t io s bet ween L in ton and Ca nber r a ,  t hen re lat i ve l y  

mor e  fema les m i g ra te o u t  o f  t h e  terr i tor ia l  phas e i n  the N e w  

Zea l and p opu la t io n ,  or the rate  o f  r e c ru i t men t o f  fema l es fr om 

the flo c k  i s  slower . 

The terr i t or i a l  pop u la t ion den s i ty me as u r e d  a t  L i n ton was fo ur 

t i mes gre a ter t han a t  

offered cont rad i c tory 

C a nbe r r a . A l though Car r ic k  ( 1 9 7 2 ) 

den s i ty es t i ma tes , on average 48  

ter r i tor i a l  magp i e s  we re co un te d per square m i le ( 25 9  H a ) . 

The resu lt ing den s i ty o f  0 . 1 8  ter r i tor i a l  b ir d s/ Ha . sh ould be 

c ompared to 0 . 7 b i rds / H a .  me a su r e d  a t  L in t o n . T h e  dens i ty of  

floc k b ir d s  a t  L i n ton wa s 1 b ir d / Ha . after Dec embe r  1 9 7 8 ,  

compared w i th 0 . 1 5  b i rds / H a .  a t  C a nber r a .  I n  o ther word s ,  

each hec tare o f  forag ing sub strate a v a i lab le t o  noma d i c  b ir d s  

a t  L inton supported 6 t i mes m o r e  magp i es t ha n  d i d a c ompar ab l e  

a r e a  a t  Canber r a .  Al t h ough f lo c k  den s i ty wa s ma rg inally  
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h i gher t han ter r i t or ia l dens i ty at L i nton ,  t he r everse was the 

ca se at Canberra , lead i n g  to the conc l u s io n  tha t  L i n ton 

magp i es exper i enced r e l a t i ve ly l ess s t r es s  in t he t r an s i t ion 

f r om terr i t or i a l i ty to noma d ism ( assumi ng tha t  den s i ty 

es t i ma tes r e f l ec ted the carry i ng capac i ty of t he f l oc k  and 

terr i t ory areas ) . 

Of  the 3 0  terr i tor i e s i n ves t i ga ted dur ing th i s  study , 27 

proved to be pe rman ent and a l l - pu rpos e in n a ture and d i d  not 

over l ap spat ia l l y .  The rema in ing 3 were of shor t tenure . The 

grades of  ter r i t or ia l i ty descr i bed for the Austra l i an 

p op ul a t i o n  ( Carr i c k  1 9 6 3 ) wer e not ob ser v ed a t  L i n to n .  Th i s  

po i nt i s  d i scussed ful l y  i n  sec t i on 4 . 3 . 0 .  

The me asurement of  morpholog i c a l  cha racters of  1 8  terr i t ory 

r es i dents r evealed that  ma l es poss esse d lo nger and deeper 

b i l l s  than fema les and that apart fr om pluma ge d i f fe r ences , 

these were the only d i f fer ences i n  v i sua l appear ance bet ween 

the s ex es . Any comp et i t i v e  advan tage exper i enced  by ma les i n  

for ag i ng was not r e f l ec ted i n  s i gn i f i cant d i f fer ences i n  

body-we i g h t , and poss i b le d i f fe r ences i n  ma le and fema l e  d i e ts 

were not eva l u a ted dur ing th i s  s tudy . 

Both sex ra t io s  and pop ula t ion s i z e  in  1 2  regu l a r l y  mo n i tor e d  

ter r i tor i es rema i ned s t at i c  dur i ng t h i s  s tud y .  Ma l es and 

fema l es wer e  equally  represented in  the terr i tor i a l  pha se ,  

wher e as a t  C a nber r a  fema l es outnumbered ma l es 5 7 : 4 3 ( C arr i c k  

1 97 2 ) .  The d i f fe r ences be tween the two pop u l a t ions ma y 
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ind i cate t hat subadu l t s wer e i nc orr e c t l y  s exed as fema l es i n  

the A u s t ral i an study , or tha t polygyny wa s more commo n ther e .  

L i n ton ter r i tor i es tended t o  b e  sma l l er than those s tud ied  a t  

-

C anberra ( x  =5  Ha ;  L 
xc = 9 Ha ) and as at Canb erra , no 

correla t i on could be fo und be tween terr i tory s i z e  and number 

of occ u pants ( Carr i c i< 1 9 7 2 ) . Sh urcl i f fe and Shur c l i f fe 

( 1 97 4 ) ,  wor k ing on w h i te- backed magp ies at Ade la ide fo und tha t 

group s i ze  and terr i tory s i z e  were pos i t i ve l y  corre l a te d ,  but  

H ughes e t  a l  ( 1 98 2 ) could f i nd no  c or r e l a t i o n  for a pop ul a t ion 

of  ma gpies  at  Br i sbane , even when ter r i tory q ual i ty ( index ed 

from t he mea s ured areas of  sh ort g r as s )  was i nc l uded in the 

ana l y s i s . H ughes et al  tested three hy poth es es about the 

r e l a t i o nsh i p s  between terr i t ory si z e ,  terr i tory q ual i ty and 

gro up s i z e ,  and conc l u ded that t here was some ev i dence to 

favou r  a " food-max i m i s er "  hy pothes i s ,  in  which mag p ies 

max i m i se d  en ergy ga i n  re l a t i ve t o  the cos ts  o f  ma i n ta in i ng a 

t err i tory . L i n ton terr i tor i es wer e d i sper s ed u n i forml y ,  

con s i s tent wi th t he hypot hes i s  t hat t er r i tory occ upan ts 

at temp te d  t o  space thems elves as far as poss i b le . Thus , 

terr i tory s i z e  a t  L i nton appear ed t o  be t he ou tcome o f  

an t i - soc i a l  b ehav i o ur between the d if feren t  groups of 

occ upant s ,  rat her than a r e f l e c t ion of the forag i ng 

req u i r emen ts of  i n d i v idual  b ir d s .  

The prod uc t i v i ty r ecorded a t  L i nton ( 0 . 9 6 j u veni l es / fema l e )  

was 7 0% greater than a t  Canberra ( 0 . 56 j u ven i le s / fema l e ) .  

Th i s  d i f fer ence may have r esu l ted from t he d i f ferent 
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av a i lab i l i ty of food ev id enced fr om de n s i ty es t i ma tes ; 

reduced n es t  or f l e dg l i ng pre d a t ion  i n  N e w  Zea land ; or l ower 

l e v e l s  of  fema l e- fema le i n ter ference ( sec se c t i o n  4 . 2 . 6 ) 

med i a ted by a bet ter food supp ly and a bal ance d s ex rat io a t  

L i n to n .  

Alth ough n o t  descr i b ed before for w h i te-bac ked ma g p ie s , the 

b i l l - down ,  w i ng-tremb l i ng and t i l t i ng fl i gh t  d i splays have a l l  

been ob served i n  i n terac t i ons between Wes tern  ma gpies  

( R ob i nson 1 956 ) .  The  t i l t ing fl i ght d i splay  was per formed by 

�a les be tween Feb ruary and Nov ember in the Wes tern A u s t ra l i an 

s t udy , and var ian t s  of b i l l - d own ( ca l led t he ' def iant ' 

d i s p l a y )  an d w i ng- t remb l i ng ( ca l l e d  ' l y re-w i ng ' and cons i dered  

s ubmi s s i v e )  were a l so d e s c r i be d .  

I n hab i tan ts o f  the study area wer e w h i te- and bla c k- b ack ed 

magp i e s .  A l though 25% of  t he f l oc k  samp l e  wa s b l a c k - ba ck e d  

( Co l o ur c l a s s es B , C , D ) , t h e  propor t i o n  o f  me lan i c  i n d i v i d uals  

in  the  ter r i tory samp l e  wa s 50% . H owever it  shou l d  be noted 

that the terr i tory samp le wa s sma l l , and conc entrated i n  

locat i ons w here fam i l y  members ( b i r d s  o f  s i m i lar co lour ) were 

l i k ely  to be caught toge ther . Des p i te the measurab le level o f  

me l an i sm a t  L i nto n ,  t he bi rds 

conspec i f i c . 

wer e  cons i dered to  be 
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CHAPTER nfREE 

F l ock C ohes ion  and T i me - Ac t i v i ty Budge ts 

3 . 0 . 0  Introduction 

B i rd s  prevented fr om s i te a t t a chme n t  and resource defence by 

t he aggr ess i v e be hav i our of conspec i f i cs have two op t ions 

ava i l ab l e  to them . They ma y aggrega t e  wi t h  other i n d i v i d uals 

i nt o  f l oc k s  on unde fended area s ,  or t h ey may l i ve s i ng l y  i n  an 

" unde rworJ. d "  en v i r onme n t  ( Sm i th 1 97 8 ) .  In common wi th great 

t i ts ( Kr eb s  1 9 7 1 ) and t he Santa C ruz I s l an d  jay ( A twood 1 9 80 ) ,  

nonterr i tor i a l  mag p i e s  form f l o c k s  i n  hab i tats  unsu i tab l e  for 

b r eed i n g  ( C arr i c k  1 9 72 , and s ec t i o n  2 . 2 . 2 ) .  

Mos t  recent res ear ch i n t o  floc k ing beha v io ur ha s empha s i z ed 

t he advant ages to  i nd i v i dua l s  i n  t e rms of i n cr e ased forag i ng 

eff i c iency and reduced preda t i o n  r i s k  ( Th ompson e t  al 1 9 7 4 , 

Caraco 1 97 9 a  and b ,  Barnard 1 9 80 ) , and i mproved i n fo rma t i o n  

abou t  s c a r c e  and patchy f o o d  ( C la r k  and Man ge l 1 9 8 4 ) .  

H owever , s i nce  the f l oc k i ng phase forme d a numer i ca l l y  sma l l  

subset  o f  t h e  mag p ie popu l a t i o n  a t  L i n t on an d was t h e  outcome 

of e m i g r a t ion from t h e  terr i t or i a l  un i t s ,  t he focus of th i s  

s t u dy was ra ther d i ffer e n t . 

Her e ,  several q ues t i o ns wer e asked  ab out the movements an d 

day- to- day ma i ntenance behav i our of i nd i v i d ua l s  i n  t he L i nton 
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f l o c k ,  in  order to  develop a behav i o ural prof i l e  of the flock  

" l i f es ty l e "  ( s ee sect ion 5 . 3 .0 for  a n  e x p l anat ion o f  the  term 

" l i fes t y l e " ) . 

F i r s t , wa s the floc k a random as s embl age of 

no n t er r i t or i a l  i nd i v i d ua l s  i n  t he s tudy ar e a ,  

all  

or 

the 

d i d  

i n d i v iduals assoc i a te preferen t i a l l y wi th other s ?  Both E kman 

( 1 97 9 )  and F i c k en et al ( 1 9 8 1 ) showed t ha t  t he member sh i p  of 

wi n ter feed i ng fl o c ks i n  sma l l  pass er i n e  spec ies was coheren t ,  

and t hat at tachments between f l o c k  b i rds l e d  to  l ater 

p a i r - b ond ing . By contras t , wi n ter i ng san de r l i ng s  forme d open 

( b u t  nonrandom ) gr oups wi th l oose i n ter- i nd i v i dual bonds 

( Myers 1 9 8 3 ) .  The two i n d i c es used to  de tec t asso c i a t i o ns i n  

t hese s tud i es l e d  t o  h i gh as soc i a t ion  scor es for i nd i v i d ua l s  

s e e n  r a r e l y  a n d  ther e fore wer e not ap p l i ca b l e  to  th i s  study . 

I ns te a d ,  goodn ess- of- f i t between t he d i s t r i bu t ion of poss i b l e  

p a i r  s i gh t i ng s  and the Po i sson d i s t r i b u t i o n  was i n ves t i gate d .  

N ex t ,  d i d  f l oc k  memb er sh i p  c han ge o n  a seasonal or da i l y  

b as i s ?  S i n c e  i n d i v i d ua l  presence or ab sence could not b e  

con t i nua l l y  mon i t ore d ,  gross c ha nges i n  f l oc k  compos i t ion  had 

to  be i n fe r r e d  fr om changes in f l o c k  s i z e .  A n  i nv es t i ga t i o n  

o f  t he e f fects  of m o n th a n d  t i me on  magp ie  numbers was 

ther efor e conduc te d ,  using analy s i s  of var i a n c e  proce dures . 

H ow d i d  f l oc k  bi rds spend t he i r  t i me ?  F r equent  scans of the 

f l o c k  y i e l d e d  i n forma t i on ab out the propor t i o ns of b i r ds 

e ngage d  i n  each ac t i v i t y ,  and t he forag i ng port ion of these 
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data wa s i n spec ted for patterns a r i s i n g  o ut of s easonal and  

da i l y  i n fl u e nce s .  

Was forag i ng beha v i o ur affe c ted by the number o f  b i r d s  pres ent 

in t he f l oc k ?  S i nce predat ion r i sk was n i l  d u r i ng t he per i od 

o f  s t udy , the forag i ng behav i o ur of the fl o c k  ma gpies wa s not 

cons t ra i ned by r i sk - a vo i dance behav i o ur .  A ny changes in the 

r el a t i o nsh i p  between the two parame ters wou l d  refl e c t  so c ia l  

or prey- p opu l a t ion changes a l on e , so r egr es s i on ana lys es of 

f l o c k  s i z e  and propor t i o n  for ag i ng wer e per forme d .  

F i na l l y ,  d i d  f l ock bi rds have t i me for non - ma i n t enance 

ac t i v i t i e s ?  If  so , emi gra t i o n  f r om terr i tor i e s  may not have 

been l i fe- t hrea ten i ng ,  and oppor t un i t i es to expl o i t  

ter r i tor i a l  vacanc ies were no t p re c l ud e d  b y  u nfavo urabl e  t i me 

budge t s .  

3 . 1 .0 Methods 

3 . 1 . 1  Trap p i ng and B an d i ng 

F l o c k  b i r d s  wer e trapped fr om Sep tember 1 9 7 8  to  Feb ruary 1 9 7 9  

u s i n g  t he techn i que descr i bed i n  sec t i o n  2 . 1 . 2 .  A t otal o f  3 3  

f l o c k  magpies  wer e i n d i v i d ual l y  mar k ed wi th a 3 - c o l o ur 

comb i n a t ion of leg bands ( see sec t i o n s  2 . 1 . 4  and 2 . 2 . 2 ) .  

3 . 1 . 2 Samp l i n g  behav i o ur 
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The t i me b udge t s amples wer e ob tained  a t  1 4  da y in tervals from 

Sep temb e r  1 97 8  to Augus t 1 97 9 , dur ing comp l e te dawn- to-dusk 

watches from a h i de . At temp ts to recor d  i n d i v i d ual 

t i me- budgets by fo l l o w i ng t he ac t i v i t i es of banded b i rd s  

fa i l e d , beca use the ma gpies  mov e d  out of v i sual range 

f r equent l y .  

I ns tead , the v i s i b le f l o c k  b i r d s  wer e scanned each 5 m i n u tes 

and a count was ma de of the t ot a l  numb ers o f  b i rd s  pr esen t , 

and the numbers engaged i n  each a c t i v i ty .  The day wa s d i v ided 

i nto s i x  t i me per iods fol l ow i ng the me t hod descr i bed i n  

sec t i o n  4 . 1 . 2 .  

3 . 1 . 3 Behav i our pat terns 

The obser v e d  beha v i o ur of the fl o c k  ma gpies  fell into se ven 

c l ass es o f  a c t i v i ty as fol l ows : 

( 1 ) For a g ing . Prey wer e  o b t a i n e d  by wal k i ng an d s tr i k i ng at 

gr ound i n v e r t ebra t e s ,  and by pec k i ng a t  i ns e c t s  on the s i des 

of fencep osts . Du r i ng the f i r s t  month of the s tudy , Sep tember 

1 97 8 , magp i es were scored as for ag i ng if t hey were seen to 

peck d ur i ng the scan count . Th i s  cr i ter i o n  was relax ed in  the 

fo l l owi ng mon th s ,  and b i rds wa l k i ng and wa tch i ng t h e  gro und 

wer e also scor e d  as forag ing . 

( 2 )  P er ch i n g .  The f l o c k  b i r d s  i n te r r u p te d  forag ing bouts to  

perch on fencepos ts and p ower py lons i n  the area . Preen i ng 
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and s i ng ing wer e some t i me s  p er forme d w h i l e  per ch i ng . 

( 3 )  St and ing/ sunb�th ing/ b a th i ng . F l oc k  b i r ds spen t  ex t ended 

per iods of  t i me stan d i ng on the ground wi thout forag ing . I n  

prac t i ce i t  was some t i mes d i f f i c u l t  to  d i s t in gu i sh t he two 

a c t i v i t ies , and the scor e  g i ven dur i ng a scan r e fl e c te d  the 

obs erved i nac t i v i ty of an an i ma l  dur i ng t he preceed i ng 5 

mi n u te i n terval . Wh i l e  on the ground and not forag ing , the s e  

b i rds al so sunba thed and wa terbathed ( i n pudd l e s ) .  

( 4 ) F l y ing . The number of  ma gpies  i n  the a i r  over the f l oc k 

area dur i ng each scan was note d .  F l oc k  b i rds a l so f l ew i n  

res p onse to  d i s turbance fr om farme r s  and har r i er hawk s ( C i r cus 

a ppr ox i mans ) .  

( 5 ) F i g ht i ng . F i g hts er upted be tween i n d i v i d uals an d sma l l  

group s ,  and invo l ve d  short c ha s es and aer i a l  comba t .  F i gh t s  

wer e of  sh or t  dura t i on a n d  wer e usua l l y  ov er i n  6 0  s econds . 

( 6 ) Play i n g . F l oc k  magp i es played  t oget her in mock f i gh t s , 

wres t l i ng ma tches , and tugs- o f- wa r . Play  was i n i t i a t e d  when a 

magp i e  crouche d  beh ind ano ther ind i v idual a n d  voca l i sed 

soft l y ,  or gen t l y  tugge d i ts t a i l  feather s .  Shor t rushes 

t owa rds another b i rd a l so led to  a play i n terac t ion . P l ay 

bou ts wer e prolonged ( up to 30 m i n utes ) and often l e d  to  

s everal b i rds l y i ng on the i r  bac ks  on  the  groun d .  P l ay was 

mo s t  common l y  per forme d  by Age C l ass Three and F o ur ma gpies . 
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( 7 ) Ant i - predator be hav i o ur . F l oc k magp i es some t i mes a t ta c k e d  

harr i e r  hawk s i n  t h e  area , an d a larm ca l l s  wer e  g i ven when 

hawks f l ew nearby . 

3 . 2 . 0  Results 

3 . 2 . 1 Assoc i a t i o ns b e tween ma gp i e s . 

1 7  of  t he 25 magp i es b anded i n  t he f l oc k be for e 25- 1 0-78 were 

s ee n  aga i n  b e fore 

comb i n a t ions o f  see i ng 

m i d-May 

two 

1 9 7 9 . 

b i rds  

Of  the  

t oget her , 

300 

69 

poss i b l e  

( 2 3% ) were 

ob ta i n e d . The d i s t r i b u t i o n  of p a i r - s i gh t i ng s  i s  sh ow n  on  

Tab l e  3 . a , and was fo und to f i t a Po i s so n  d i s t r i b u t i on 

( P= 0 . 05 ) .  The popula t io n  of  pa i r - s i g h t ing s wa s ther e fo r e  

random ,  i nd i ca t i ng t hat f l oc k magp i es d i d  n o t  have pre ferr e d  

assoc i a t ions . 

F i gure 1 of the Appen d i x  has the or i g i n a l  da t a  on which  th i s  

ana l y s i s  wa s bas e d .  

3 . 2 . 2  T i me - ac t i v i ty d i s t r i b u t i o ns . 

T he d a ta s e t  for the s tudy o f  f l ock t i me budge ts  was co l l ec te d  

o v e r  250 hours o f  r e a l  t i me , and when an a l y s ed , a l lowed the 

fo l l o w i n g  s ta tements to b e  ma d e .  ( See Tab l e  3 . b  for a summa ry 

of  tt1e samp l i ng e f for t ) . 

The number o f  b i r d s  counted i n  the f l o c k  a t  5 m i n ute i n terv als 
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TABLE  3 . a  

D i stri buti on  of  pos s i b l e-pa i r  s i ghti ngs  

Poss i b l e-pa i r  s i ght i ngs  0* 

No . of pa i rs recorded 2 3 1  

1 

62  

* for exampl e ,  poss i b l e-pa i r never seen 

t for exampl e ,  pos s i b l e-pa i r s i ghted twi ce 

3 

1 
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TABLE  3 . b  

Fl ock  t ime budget sampl i ng effort 

Mon th No . of mea n  med i a n  max mi n 
scans b i rds/ scan b i rds/ scan b i rds/scan  b i rds/ scan  

September 125 48 . 5  50 77 11 

October 169 16 . 3  16 34 1 

November  335 2 1 . 5  20 79 0 

December 349 1 1 . 9  10 38 1 

January 347 15 . 4  10 5 1  1 

February 322 17 . 3  17 36 1 

March 231  14 . 5  13  43  1 

Apri l 277 20 . 4  20 46 3 

May 364 18 . 5  19  42  2 

June  120  20 . 8  2 1  35 4 

J u l y  182 17 . 4  17 3 1  5 

August  102 16 . 2  17 26 6 



v a r i e d  s i gn i f i c an t l y  w i th mont h and t i me o f  day ( T ab l e  3 . c ) , 

and ther e wa s also a s i gn i f i cant i n te r a c t i o n  be tween the 

e f fec ts of  months and t i me per i od s .  F i gu r e  3 . a  i l l us t r a tes 

floc k s i z es dur i ng the study . No ob v i o us patterns coul d be 

d i sc erne d .  

The tran s forme d propor t i o ns of for a g i ng b i r d s  var i e d  

s i gn i f i cant l y  w i t h  mon th b u t  not t i me o f  day ( T abl e  3 . d ) . 

However the r e  was a s i g n i f i can t i n terac t i o n  between th e 

e f fects  of  month and t i me on the pr opor t i on of  t he b i rds i n  

the flo c k  for ag ing , i n d i c a t i n g  tha t  any i n fl uenc e  o f  t i me on 

forag i n g  b ehav iour d epended on the mon th of  t he year . The 

s t r i c t  cr i te r ion u s ed to  j udge whe ther or not b i r d s  wer e 

forag i ng i n  S ep tember ( t he f i rs t  mon th of t he s t ud y )  l ed to  

ver y low for a g i ng prop or t i o ns , so  Sep tember was omi t ted  fr om 

t he ana l y s i s  and t he c r i ter i o n  was re l axed for fu tur e mon th s .  

A pos i t i v e  corr e l a t i o n  be tween the  number o f  ma gpies  pres ent 

and t he numb e r  for ag i ng was d i scovered for a l l  mon th s ,  but the 

Sep tember and De cemb er r es u l t s  wer e weak . The cor r e la t io n  

coeff i c i en t s ,  regr es s ion l i n e  i n ter c ep t s  and coe f f i c i en t s  of  

determ i n a t i o n  are l i s t e d  on Tab l e  3 . e . The amo unt of 

expla i n e d  var i a t i o n  ( R 2 )  improv e d  for J un e  and August when the 

for ag i n g  numbers wer e norma l i se d . The value of  t he i n t er c ep t  

ma y b e  i n terpreted  a s  the number of  ma gpies  present b efor e  

forag i ng began , and was t h u s  an i n d ex of  t h e  forag i ng d r i ve of  

the ma g p i e s  i n  the flock  area . I f  the b i r d s  wer e hungry , then 

for ag i n g  wa s pred i c te d  to  beg i n  wi th fewer b i rds p r esen t .  
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TABLE  3 . c  

Ana l ys i s  of  vari ance on n umber of fl ock 
b i rds  per scan , by month and t ime , 

exc l ud i ng September 

Hypothes i s  Cal c u l a ted F df  Cri ti ca l  F ( a ( 2 ) = 0 . 05 )  

1* 38 . 3 15  10 2 . 05 

2t 1 1 . 376 5 2 . 57 

3tt 14 . 309 50 1 . 43  

Dec i s i on 

reject H0 

reject H0 

reject H0 

* the number o f  magpi es per s can was the same for a l l months  

t the number o f  magpi es per s can  wa s the same for a l l ti me peri ods 

tt d i fferences i n  the number of  b i rds per scan between months 
were i ndependent of  t ime period  d i fferences 
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* 

TABLE  3 . d  

Ana l ys i s  of vari ance on  transformed proport i ons  o f  fl ock 
magp i es fo ragi ng , by mon th and t ime , excl udi ng  September 

Hypothes i s  Ca l cu l ated F df Cri ti ca l F Deci s i on 

1* 25 . 976 10 2 . 05 reject  H0 

zt 1 .  746 5 2 . 57 accept Ho 

3tt 4 . 080 50 1 . 43  rej ect Ho 

the proporti o n  o f  magpi es  foragi n g  wa s t he  same for a l l months 
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t the proport i on of  magp ies  forag i ng  was the s ame for a 1 1  time peri ods 

tt d i fferences i n  the proport ion  of ma gpi es forag i n g  between months  
were i ndependent of  t ime peri od d i fferences 
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TABLE 3 . e  

Regress i on ana l ys i s  o f  fl ock  s i ze and forag i n g  acti v i ty 

Month r I ntercept R2 

January 0 . 910 5 . 37 82 . 8  

Februa ry 0 . 795 6 . 98 6 3 . 1 

March 0 . 937  2 . 74 87 . 7  

Apri 1 0 . 698 9 . 39 48 . 5  

May 0 . 676 9 . 78 45 . 6  

J u ne 0 . 526 1 5 . 7  27 . 1  

J une* 0 . 531  1 2 . 5  28 . 4  

Ju l y 0 . 51 1  1 2 . 0  25 . 7  

August  0 . 732  7 . 99 53 . 1  

August* 0 . 735 1 6 . 2  53 . 5  

September 0 . 425  

October 0 . 7 58 7 . 85 57 . 3  

November 0 . 763  1 2 . 6  58 . 1  

December 0 . 43 5  

* norma l i sed scores 



The per cen tage of b ir d s  for ag i n g  and per form i n g  othe r 

a c t i v i t i es i n  each month and t i me per iod i s  shown on F i gure 

3 . b . Ant i - p reda tor beha v i o ur wa s so i n fr eq uent  tha t i t  

d i sappeared d ur i ng t he conver s ion o f  the or ig i na l  counts to 

per centages . The mo nths wi th sma ller r e gres s i o n  i n ter cep ts 

( J anuary ,  F ebr uar y ,  M ar c h )  d i d not perfect l y  pred i c t  mon ths i n  

w h i ch the greatest propor t ions of  b ir d s  wer e for a g ing 

t hroughou t t he day ( F eb rua ry , Mar c h , Apr i l ) . I n  Apr i l  for 

e x amp l e , for ag ing per cen tages wer e h i g h  but around 9 b i r d s  

were p r esent  be fore forag i ng b e gan . 

The propor t i o n  o f  b ir d s  for ag ing i n  the ear ly  mo r n ing t i me 

per iod tended to be l ow and counterba l a nce d by the p r opor t ion 

per ch ing i n  the v i c in i ty .  I n  mo st mo nths forag ing ac t i v i ty 

i n tens i f i e d  as t he day p r ogr ess e d .  

Mor e o f  the floc k b i r d s  s tood or sun- and wa terbathed in 

Novemb er ,  D ecemb er and J anuary but these ac t i v i t i es decrease d 

a s  the per cen tage of an ima ls for ag ing incr eas ed . When 

for ag ing a c t i v i ty began to d e cr eas e aga i n  in May , more b i rds 

wer e scored as s tan d i ng .  

Floc k b i r d s  wer e  s een to play only dur i ng afternoon t i me 

per iods i n  Novemb e r , December , Mar c h , J u l y  and Augus t .  

3 . 3 . 0 D i sc u ss i o n .  

The magp ies banded in  the L i n ton f l oc k d i d no t show 
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pre fer ences for as soc i a t i ng wi th each ot her , lead i ng t o  t he 

conc l u s io n  tha t the fl o c k  wa s not a coher ent , h i g hly org an i z ed 

soc ial group.  Soc i a l  in terac t i on between floc k  bi rds took the 

form of f i g h t i ng or pl a y i ng , and the r e  wa s no ob ser v at ional 

ev i dence for a soc ial h i erar c hy . C ar r i c k  ( 1 9 72 ) descr i be d  

flock  ma gpies  as " l ocally noma·d i c  ov er all  t h e  treeless  

pas ture" i n  h i s  s tudy are a ,  b u t  no i n forma t ion about  t he l ocal 

mov e ments  of b i r d s  wa s ob t a i n e d  a t  L i n ton . I n  the Canb erra 

s tud y ,  one q uar ter of t h e  new ter r i tor i a l  groups conta ined  

mag p i e s  k nown to have  been  toge ther i n  the f l o c k  ( Carr i c k  

1 9 7 2 ) .  A t  L i nton one f l oc k - b an ded magp i e  was obse rved t o  make 

a ter r i tor i a l  a t t e mp t  ( sec t i on 2 . 2 . 2 ) ,  and d i splaced  terr i t ory 

ho l ders have j o i ned t h e  f l oc k  ( s e c t ion 4 . 2 . 3 ) . The magp i e  

flo c k  wa s a loose ass embla ge of b ir d s  a t  l e a s t  tempor ar i l y  

preven ted fr om be i ng ter r i t o r i a l . 

The f l o c k  var i e d  i n  s i z e  w i th mo nth an d t i me o f  d a y .  A s  sh ow n  

o n  F i gur e 3 . a , f l o c k  s i z es f l uc tuated over short  i n te rva l s  

i n d i ca t ing tha t  flo c k  me mb ersh i p  chang e d  fr equen tl y .  Wh i l e  

m id - mor n i ng numbers may have b e e n  i n f l uenced b y  the movemen t s  

o f  terr i tor i a l  j u ven i l es  f r om March , other changes could not 

b e  accoun ted for . N ow t ha t  v ar i able  f l oc k  compos i t io n  has 

b een es tab l i sh e d , the da i l y  mov ements  of i n d i v i d uals need to  

b e  t racked in  order t o  s tudy i n t eract ions between magp i es from 

d i f fe r e n t  f l o c k  areas , and be tween f l o c k  an d terr i t or i a l  

magp i e s . I n  t he communa l l y  breed i ng W es tern magp i e ,  no 

s i gn i f i can t nonter r i t or i a l  componen t ex i s t s  ( Rob i n so n  1 9 56 ) ,  

and nomad i c  i nd i v iduals  make i nt er- terr i t ory movemen t s .  
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PLATE 3 . a .  F l ock  magp i es perch i ng ,  preen i n g and  forag i n g . 





The p r i ma ry ac t i v i ty of  ma g p ies i n  the f l o c k  ar ea wa s 

forag i n g ,  and a h i gher pr oport ion of t he bi rds for a ge d  i n  

Feb ruary and Ma r ch than i n  other mo n th s .  Seasonal var i a t i o ns 

i n  prey ava i l ab i l i ty ma y be in ferred from t h ese change s  i n  the 

r e l a t i v e prop or t i o ns of b i r d s  forag i ng , perch i n g ,  s t an d i ng and 

i n terac t i ng soc i a l l y . I f  so� ial pat t er ns do  not a l ter whe n  

forag ing l e v e l s  change , then forag ing mu st have been 

i n f l uenced by chan g es i n  the food supply  ( as su m i ng that 

me tabol i c  needs rema i n  s i m i l ar ) . Thus fr om th e t i me b udge t 

dat a ,  F ebr ua ry and Mar ch were mo n ths o f  reduced p r ey 

av a i l a b i l i ty .  

The n umber of  ma g p i e s  for ag ing i n cr eased l i n early as the f l o c k  

s i z e  i ncrease d .  F l oc k i ng t here fore n e i ther i nh i b i ted nor 

enhanced  for ag ing b ehav i o ur . However , the l i n ear mode l 

accoun ted for on l y  one quar ter of  t h e  var i a t ion  i n  J un e  and 

J u l y , p oi n t i ng to a mor e  complex i n terac t i o n  b etween f l o c k  

s i z e  and forag i n g  a c t i v i ty i n  the w i n t e r . A s  we l l , the 

regres s i o n  i n ter cep ts for thes e mon th s  wer e  h i gh ,  so that a 

' cr i t i ca l  mass ' of  magp i es was reached be fore forag i n g  be gan .  

I n  Dec ember mor e  of the floc k b i r d s  wer e i n a c t i v e  than i n  

ot her mon ths and forag i n g  was only we ak l y  cor r e l a te d  wi th 

f l o c k  s i z e .  The lowest  regres s io n  i n ter cep t was ob ta i n e d  i n  

Mar c h ,  when forag i ng occup i e d  mos t o f  the f l oc k  b i rds a t  a ny 

t i me . Th i s  lends  suppor t  to the i dea tha t f l o c k  ma gp i e s  

exper i enced a food shor t a ge i n  t h e  au tumn . 

E x cep t for the au tumn month s ,  b e tween 5 an d 4 5 %  of th e floc k 
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wer e s t and i n g  ina c t i v e  at  a ny t i me ( s e e  P l a t e  3 . a ) .  Some 

b ir d s  also fought or p l a ye d  toge ther . O b v io usly  i l l  ma gpies  

were never seen i n  t he f lock  and an overa l l  sub j ec t i ve 

i mpress i o n  of  healthy uns tressed an i ma ls wa s ob ta in e d .  The 

da i ly surv i va l  r a te was es t i ma te d  in spr i ng 1 97 8  to b e  0 . 9  

( sec t i o n  2 . 2 . 2 ) .  At Canberra however , flo c k  b ir d s  suc c umbe d  

to p r e dators and d i se a s es a n d  h a d  lower surv i v a l  r a t es than 

the ir  ter r i tor i a l  counterpar ts . F l o c k  b ir d s  a lso had lower 

bodywe i gh t s  than t he ter r i tory ho l de r s  ( C ar r ic k  1 9 72 ) . 

I nsu ff i c ient ter r i tory b ir d s  wer e  trapped at L i n ton for a 

compar i son wi th t he f loc k b i rd s ,  b u t  based on  the qua l i ta t i ve 

cr i te r i a  ab ov e , the L i n t on floc k b ir d s  exper ienced  better 

l i v i ng cond i t ions than tho se at  C a nb er r a .  
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CHAPTER FOUR 

Terr i t ory H i s t or i es and Ti me-Act i v i ty D i s t r i b u t ions 

- . 0 . 0  Introduction 

A var i e ty of b eha v io ura l me chan i sms hav e  e volved in response 

to conspec i f i c  compe t i t ion for acc ess to  r eso urces l i m i ted in 

space and t i me .  Br own ( 1 9 6 4 ) argued tha t  in traspec i f  i c  

agg r es s ion in r espo nse to  compe t i t ion shou l d  lead to  

terr i tor i a l i ty when the  area i s  ' ec onom i ca l ly de fendab l e ' ( an d  

ter r i tory i s  " an exc l us i ve area" ( Schoener 1 96 8 ) ,  b u t  see 

se c t io n  2 . 3 . 0 ) .  Sub seq uen t s tud ies of the costs and b ene f i ts 

of ter r i tor ia l i ty wer e r e v iewed by D av i e s  ( 1 97 8 ) .  

The f i r s t  at t e mp t to  cons truc t a quan t i ta t i v e theory of 

terr i tor ia l i ty wa s under t ak en b y  Pyke  ( 1 97 9 ) and foc ussed  on 

op t i ma l  terr i tory s i z e .  H e  hypothe s i zed tha t " an an i ma l  wh i c h  

i s  de fend i ng a ter r i t o ry wi l l  a d op t  a ter r i t ory s iz e  a n d  t i me 

budge t which max i m i z e  i ts D a rw i n ian f i tness ( i . e . w h i c h  a r e  

op t i ma l ) " ,  a n d  formu l a te d  a model  for n e c tar - feed i ng b ir d s  

based on m i n i m i z at i o n  of da i l y  energ y c o s t  rather than 

max i m i z a t ion of r es t ing t i me .  A p l ethora of op t i mal 

feed ing- terr i tory s i z e  mo de ls fo l lowed and wer e  r e v i e we d  by 

Schoener ( 1 9 83 ) ,  who examined  the e f fe c t s  of cha nges in maj or 

en v i r onme n ta l  fac tor s ( such as food den s i ty and i n truder 

p r es s ur e )  on pred i c t ions by t he mode l s .  For the 

t i me -m i n i m i z ing mode l s , fe e d ing t i me and defe n c e  t i me wer e  

70 



po s i t ive l y  re lated  and for one energy-max i m i s ing mode l t h ey 

were n e ga t i v e ly r e late d ,  a l lo w i n g  the two strategies  to b e  

s epa rated i n  t he f ie l d .  

O p t i ma l  ter r i tory s i z e  ma y b e  i n f l u en c e d  b y  e x tr in s i c fac tor s 

such as  t he number of  compe t i t or s .  Verner ( 1 977 ) pos tu l a te d  

tha t de fen s e  of  mor e  resour ces than need e d  for reprod uc t io n  

wou l d  p r oh ib i t  con spec i f i c s  from b r ee d i ng ,  thereby enhanc i ng 

the f i tness of the ' s p i te fu l '  ter r i tory holders thr o ugh 

i n ter f er e nc e  compe t i t io n  ( the ' super ter r i t ory ' conc ep t ) . Both 

C o lgan ( 1 9 7 9 )  and Ge tty ( 1 9 7 9 ) d is c o unted  the poss i b i l i ty ,  

based o n  Mayna rd Smi th ' s ( 1 97 4 ) concept o f  e vo lu t iona ry s t ab l e  

strategy ( ESS ) and a gene t ic mode l respec t i v e ly .  Howe ver , 

Parker and Know lton ( 1 980 ) used  two frequency d ependen t ( ESS ) 

mod e l s  to i n ves t i gate the effec ts of  in teract io ns wi th 

compe t i t ors on t he e vo l ut ion of  terr i t o ry s i z e ,  and fo und that 

superte r r i tor i e s  may evolve whe n  some a n i ma ls are e x c luded 

from r esour c e s  ( the a l terna t i ve was t hat  r eso ur c es be  shared 

uneq ua l l y  amo ng all ind iv idual s ) , and the poten t ia l  f e c und i ty 

o f  i nd iv i d ua l s  i s  low.  Burger ( 1 9 8 1 )  sug ges ted that de fense 

o f  a larger than necessa ry te rr i tory co uld have a d ir e c t  

e f fec t o n  t he f i tness  of  the ter r i t o ry hol der b y  d e cr e as i ng 

the l i k e l i h ood o f  preda t io n .  

I n  natu r e , the same terr i t or ies  ma y b e  de fen ded b y  mo r e  than 

one i nd i v i d ua l .  C o mpe t i t o r s  t h u s  become coop erat or s  a n d  

hy pothes es ab out the evo l u t ion of  ter r i tory s i z e  must be  

har n essed  to a cons iderat ion o f  the  evo l u t io n  o f  soc ia l i ty .  
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Both s p a t ia l and tempora l d i sp e r s i o n  of  resour ces pote n t i a l l y  

i n f l u ence to l e ra t ion by conspec i f i c s  o f  e a c h  o th e r . Waser 

( 1 9 8 1 ) su r�a r i s ed earl i e r  s tu d ies of group s i z e  i n  r e lat i o n  to  

food pa tch ( or feed i ng- ter r i tory)  s i z e ,  and  deve l oped a mode l 

o f  soc ia l i ty for sma l l  Afr i c an car n i vores i n  w h i c h  the  costs 

of  t o l er a t i ng conspec i f i c s  were a func t ion o f  the r a te of 

resource renewa l .  

The i n fl u en c e  o f  the d i s p er s ion pat te r n  o f  c a r ca s es o n  g roup 

s i z e  and ter r i t o ry s i ze for t he br own hyena ( H yaena b runne a )  

was i n v es t i ga te d  by M i l l s  ( 1 9 82 ) ,  who conc l uded t ha t  ter r i t ory 

s i z e  was related to  the d is t r i b u t i o n  of  fo od but  g roup s i z e  

was r e l a te d  t o  t h e  qua l i ty o f  t he food ( s iz e  o f  car cas es ) i n  

the terr i tory . 

Re cen t l y  v on S chan tz ( 1 9 8 4 a )  p re d i c te d  tha t  " no n-m i g r a t ory 

an i ma l s  l i v i ng in  an env ironment where the r esour c es f l uc tuate 

sho ul d  hav e a constant te r r i tory s i z e  if  the an i ma ls l i fe-span 

i s  lon ger t han the average t i me per iod of  the r eso urce 

fluc tu a t i o ns " . Such ob st i n acy wou ld perm i t  g roup s i z e  t o  

i n crease  when  r eso ur c es are super- ab undan t ,  t hrough the 

re te n t io n  of offsp r i ng . 

f l uc tu a t ions i n  r e d  fox 

Schan tz  1 98 4 b ) . 

Th i s  appeared 

( Vu l p es vu l p e s )  

to account 

group s i ze  

for  

( ro n  

I n  h is Canb erra s tudy , Carr i c k  ( 1 9 7 2 )  fo und tha t ma g p ie s  

d iv i de d  t h e  pas tur e and wood land i n t o  ter r i tor i es wh i ch var i e d  

i n  the i r  s i z e ,  qua l i ty a n d  permanen c e . Mos t  terr i tor i a l  
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groups or ig inated i n  t he f loc k 

mo nop ol i s e d  good feed ing areas . 

me mb ers as soc iate d  o n l y  dur i ng 

as  open gr o up s  wh i ch 

I n  some cas es th e group 

day t i me ,  and r oo s te d  

s eparate ly . The de fende d areas h a d  no t rees and endured on 

average for 8 mon th s . Abo u t  one- th i rd of  th ese ' open 

ter r i tor i e s ' were occup ied by ma le-fema le pa i r s  and the 

rema inder were de fended by group s .  N es t  s i tes were abs e n t  a nd 

fema les i n  open group s  d id no t bree d .  Mag p ie s  l i v ing in  

mob i l e group s  commu te d between an o u te r  feed i ng area and a 

very sma l l  i n ner group o f  trees . From 3 6  comp le te mob i le 

gro up records i t  was fo und that thes e ter r i tor i es a l so had a 

mean dura t io n  o f  e i ght mo nth s .  E i ghty per cent o f  th e samp le 

comp r i se d  gro up s  of  more t han two b i r d s . A l though fema l es 

at temp te d to b ree d ,  the y  wer e never succes s fu l .  The ma rg inal  

ter r i tor ies  were  of  two  sor t s . I nner ma rg ina l ter r i tor i es 

were sma l l  a reas of  poor pasture surrounded by trees and 

compr essed by ne ighbo u r s . I n  cont ras t o u ter  ma rg ina l 

terr i to r i e s  covered large fe e d ing areas , wi th fe w low t r ees or 

bushes . Mos t ma rg ina l ter r i tor i es were de fended by pa i rs or 

grou p s  we ighted in favour of fema les , and  laste d  on  average 

for 1 1  mon th s .  

j u ven i les / fema le 

An average an nua l 

wa s recorde d .  

prod uct ion of 0 .0 9  

Permanent terr i tor i e s  

encompassed  enough pas tur e a n d  t r e e s  to suppor t bo th surv iva l 

and an average prod uc t i o n  o f  0. 56 j u ve n i le s / fema le .  They wer e  

l o ng - l as t i n g ; t e n ur e  range d u p  t o  1 3 3  ma n th s ,  a n d  a me an 

,j u r'at i o n  o f  47 mo n th s from 1 5 9 l1 i :> t or ies wa s calculate d . 

Not on ly ter r i t o ry ty pe b u t  a l so gro up compo s i t ion var i e d  at  
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Canberra . The s i g n i f i cance of  th i s  phenomenon was l o s t  a t  the 

t i me o f  p ub l i ca t i o n  because t he work was a i me d  a t  suppor t i ng 

Wy nne- Ed wa r d s  ( 1 9 6 2 )  thes i s  that p op ula t io n  s i z e  i s  r e gu la te d  

by ter r i tor ia l i ty and was p r es e n ted a s  a p opu l a t ion - l eve l 

s tudy . The group- terr' i tor i a l i ty descr i b ed by Ca r r i c k  has b een 

in te rpre te d a s  an  examp l e  of  coopera t i ve breed i ng ( s e e  s e c t ion 

6 . 0 . 0 ) and an opportun i ty to exam i n e  in traspec i f i c v ar i a t i o n  

i n  soc i a l  sy s tems ( as def ined by L o t t  ( 1 98 4 ) )  wa s los t .  T he 

paradox of coop era t i o n  i n  a comp e t i t i v e  sy stem has y e t  to  b e  

exam ined for mag p i e s .  

The a i ms of  th i s  c ha pter are t o  descr i b e  the resp ons es of 

magp i es t o  compe t i t ion for r esourc e s  i n  a New Zea land  se t t i ng ,  

and t o  i n ves t i gate the cons eq uen c es o f  var i a t i o ns i n  soc ia l  

behav iour for i nd iv i d ua l s .  

After  a n  o u t l i n e  o f  th e annual cy cle  o f  ac t i v i ty i n  the 

ter r i tor ial  phase of the L i nton s tudy p opu l a t i o n , 

i n terac t io n s  b e tween and wi th in 

d escr i be d .  

Then , wi t hi n - g r o up beha v io ur i s  

terr i tor i a l  

analy sed 

group s 

i n  terms 

the 

a r e  

of 

t i me - ac t i v i ty d i s tr i b u t ions . A l so ca l le d  t i me b u d ge t s  ( s e e  

for e x ample Or i a n s  1 9 6 1 ) ,  such recor d s  fo cus on the  t i ming o f ,  

a n d  arnount o f  t i me expended i n  e a c h  ac t iv i ty per forme d  b y  

foca l an i ma ls . The unde r l y ing rat ionale of a t i me b udge t 

s tudy i s  t ha t  even sub t l e  d i f ferenc es i n  the expend i ture o f  

t i me and en erg y can a ffec t rep roduc t i v e  success ( Or i an s  1 9 6 1 ) .  
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T rad i t iona l l y ,  r esearchers have sought  to  d escr i b e  t he ' be s t ' 

or op t i ma l  t i me - b udge t unde r var i o us c ond i t io ns ( Ve r ner 1 9 65 , 

Wo l f  and Ha inswor th 1 9 7 1 , Pyk e  1 97 9 , Turne r 1 97 9 ) ,  b u t  i t  has 

b een sugge s te d  tha t an i ma ls ma y man age r i s k  mor e  e f fec t i v e ly 

by feed-bac k or feed- for wa rd mecha n i sm s  ( Ro l lo e t  a l  1 9 8 3 ) ,  or 

u se sa t i s f i c ing s t ra te g ies  ( He r b er s  1 9 8 1 ) wh ich  d o  not i n vok e 

op t i m iz a t io n .  

Here , a la rge sample of  t i me -a c t iv i ty recor d s  wa s colle c te d  

and exam ined sys te ma t ica l l y  i n  order to  answer the fo l low i ng 

ques t io ns .  F ir s t ,  wa s behav iour ( me asured as th e t i me 

expended i n  an ac t i v i t y )  i n f lu e nc e d  b y  mon th or t i me o f  da y? 

Data from 9 adu lt ma g p ies  were examined  fo r the answe r .  Each 

of  t h e  maj or behav iour c lass es was then i n v es t igate d ,  i n  order 

to  d iscov er mo nth and t i me infl uenc es on performa nc e .  Nex t ,  

were t here d i f ferenc es between i nd iv idua ls i n  the  t i me 

appor t io ned to e ach ac t i v i t y ?  By chec k ing i n d iv id u a l  p lo ts o f  

t he f i t te d  va l u es ver sus the i r  r es idua l s  a f te r  t he var iance 

analy ses , it wa s poss i b l e  to iden t i fy mo n th s  and t i me s  when 

some an i ma ls d i f fered fr om the others in t he i r  behav io u r .  T he 

or i g ina l scores for the unc ommo n c la s s es of  a c t i v i ty wer e  a lso 

g r aphe d ,  to c hec k for ind iv idua l d i f fe r e nc e s .  

Thro ughou t the t i me budge t ana ly s i s , the a i m  was t o  reduce a 

lci rge vo l u me of real- t i me d a t a  to a few s i mp l e  s t a te men t s  

abou t  t h e  wa y s  in w h i c h  ter r i tor i a l  ma g p i e s  i n  p a i r s  and 

groups apport ione d the i r  t i me ,  so tha t the s i gn i f icanc e  of  

terr i tor i a l i ty i n  the i r  l i ves co uld be unde r s tood . 

75 



11 . 1 .0 Methods 

4 . 1 . 1  Trapp i ng and Ban d ing . 

Ter r i tory occupan ts wer e  trapped and colo ur-banded u s ing the  

met h ods d escr i be d  i n  s e c t ions 2 . 1 . 2 and  2 . 1 . 4 . D ur i ng th i s  

s t u dy 2 2  terr i tor i a l  res i d e n ts were i nd i v idually  bande d ,  and 

r e ma i n i ng b i rds were ident i f ie d  by var i a t ions i n  p l u mage , or 

id i o sy nc r a t i c b ehav io ur ( s ee s ec t ion 2 . 2 . 3 ) .  

4 . 1 . 2 Sa mp l i n g  Behav i our . 

Ter r i tor i e s  wer e r e gu l a r l y  chec ked for the pres enc e  or ab sen c e  

of magp i es ( s ee s ec t i o n  2 . 1 . 7 ) and a d  l ib i tum r e cords o f  

espec i a l ly soc i a l  behav iour w e r e  made dur i ng t hes e v i s i t s  ( s e e  

s ec t i o n  2 . 1 . 9 ) • 

From Sep tember 1 9 7 8  to  August  1 9 7 9  three terr i tor i e s  

conta i n i ng a t ota l o f  9 magp i es wer e samp led for t i me - ac t i v i ty 

d is t r i b u t io ns .  Two o f  th e s e  terr i tor i e s  ( [ 0 1 ] , [ 0 6 ] ) wer e  

de fended b y  monogamo u s  pa i r s  and t h e  th i r d  ( [ 08 ] )  was de fende d 

by a group comp osed o f  3 ma les , 1 fe ma le and 1 Age C la s s  F i v e  

b i rd wh i ch was l a te r  d i sco vered t o  b e  a fema l e .  R ep r od uc t i on 

d id not  t ak e  p l a c e  i n  [ 0 8 ] dur i n g  the s tudy and no t i me b udge t 

sa mp l es were t ak e n  i n  t h a t  ter r i tory  in S ep tember . I nc omp l e t e  

recor d s  were c o l l e c te d  fr om t wo oth e r  ter r i tor i e s  of sh or t  

tenure conta i n i n g  7 ind i v i d ua l s  o f  a l l  age s .  
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----------------- -- -

Each samp led ter r i tory wa s v is i te d  a t  1 4  da y i n terv als , and 

samp led for a comp le te day fr om dawn to  du s k . Ob s e rv a t i ons 

wer e conduc ted fr om a h id e  erected in th e te r r i tory t h e  

prev ious da y ,  and fac i l i ta te d  by t h e  us e o f  1 0 x4 0  b inoculars 

( Z e is s ) . 

A f o c a l  subgr o up sa mp l ing r e g i me wa s emp loy e d , in w h i c h  every 

ter r i t ory occ upan t was k ep t  under co n t i n uous obs e rv a t ion 

dur ing the samp le per i o d  o f  up t o  a comple te da y ( Al t mann 

1 97 4 ) .  Th i r teen d i s t i n c t  c l ass es o f  ac t i v i ty were 

d is t ingu ished o n  func t io n a l  cr i te r i a  ( s ee 4 . 1 . 3 )  a n d  the 

behav iour s ta te o f  each i nd iv idua l was scor e d  e a ch m i nut e .  

E xcep t when b ir d s  wer e p ro v is ioning n es t s ,  th e dura t io n s  o f  

behav iour s ta tes wer e r ecorde d to  t h e  near es t m i nu t e .  When a 

tran s i t io n  to  ano ther ac t i v i ty occ urre d ,  the m i n u te in w h i c h  

t h e  t rans i t io n  h appene d was added to  t h e  tota l dura t io n  o f  the 

sub seq uen t s ta te . When a ma gpie  in th e group unde r 

obs e rv a t ion was o u t  of  s ig h t  for a shor t per iod , the behav iour 

seen when the b ir d  reappeared wa s scor ed i n  the o ut - o f- s i g h t  

per iod  ( Lehner 1 97 9 ) .  I f  the out-of- s igh t per iod was l ong 

r e la t i v e  to the dur a t io n  o f  the mo st commo n behav io ur s t ates , 

t he n  c a tegory " u nk nown" was score d .  

Fo l low i ng the me thod o f  V e r ner ( 1 9 6 5 ) ,  days wer e  d i v ided  in to 

s i x  appr ox i ma te l y  equa l pa r t s , using noo n as the m id - po in t .  

[ n  th is  wa y se a so n a l d i ffere nc es in da y l e n g th wer e  conve r t e d  

i n t o  more-or - l es s  s i m i lar t i me per iod s .  Dawn and dusk  were 

j udge d subj e c t i v e ly . Behav io ur scores for e ach i nd i v idual  
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wer e summed wi th i n  t i me per iods i n  each mo n t h . App r op r i a t e  

cor· r e c t i o ns wer e  ma de for N e w  Zea land S umme r T i me .  

The ana lys es o f  these data are d escr i bed i n  s ec t i o n  4 . 1  . 4 . 

4 . 1 . 3  Behav iour C a t e gor i e s . 

Th i r t e en d i fferen t c lasses of a c t i v i ty wer e r e c og n i s ed i n  th e 

t i me-a c t i v i ty s tud y .  When a c t iv i t i es were not f u nc t iona l l y  

e x c l u s i v e , a subjec t i v e  dec is io n  abou t the d om i n a n t  ac t i v i ty 

was ma d e .  F or examp l e ,  a b i rd wa l k i ng a n d  occas iona l l y  

s t r i k ing a prey i tem was scor e d  a s  " forag ing " . 

Behav iour pat ter ns wi th a common func t ion 

tog e th e r  a s  fo l l ows . 

were c l ass e d  

( 1 ) Forag i n g .  Al l a c t i o n s  w h i c h  l e d  to  s u c c es s fu l p r e y  

cap tu re were scor e d  i n  th is  category . They i n c luded wa l k ing 

and s t r i k in g ,  d igg i ng wi th t he b i l l ,  tur n i ng over ob j ec t s ,  and 

hawk i ng fr om trees or fencep osts . Pr e da t io n  o n  sma l l  

v e r t eb r a t es wa s rare b u t  i nc l uded i n  th i s  c a t egory , and 

cons u mp t i o n  of p l a n t  ma ter i a l  was never ob served  ( bu t  s ee 

Carr i c k  1 972 an d V es t j ens and C ar r i c k 1 9 74 ) .  

( 2 )  P er ch ing . Mag p ies per che d  i n  t rees , on f e n c ep os t� , on 

bu i ld i ng s  and on power l in es in the i r  terr i t or i es . F orag i ng 

bouts wer e  i n ter rup te d  by periods  o f  p e r ch ing on f e n c ep osts 

near t he feed i ng s i t e ,  and lo nge r per i od s  o f  per ch i ng were 

78 



ge nera l l y  sp e n t  i n  t rees . P er ch ing beha v io ur ma y have been 

mu l t i - funct iona l ,  cont r i b u t ing t o  b o th r es t  a n d  surve i l la nc e .  

( 3 )  Ter r i tory D e fenc e . Th i s  cate gory i n c lude d s ing ing 

b ehav iour but not a la rm ca l ls or s ub son g .  De fenc e  invol ved 

both s t a t ic and a e r i a l  d i s p l a y s ,  and f i g ht ing , as  descr i b e d  in 

s e c t i o n  4 . 2 . 3 .  

( 4 )  Ma i n te n an c e .  Pr een i ng , sunb ath ing and d r i n k ing a c t i o n s  

wer e gro uped t oget her as  ma i n ten anc e be hav io ur . - T h e  term 

ma in tenan c e  i s  not use d  here i n  a func t io n a l  s ens e ,  b u t  as a 

c a tch-a l l  for a c t i v i t ies  d ir ec te d  by  the ac tor at  the se l f .  

( 5 ) An t i p re da tor . Al l r e s p onses t o  poten t i a l  p redators wer e 

scored i n  th i s  c a te gory . A lt hough magp ies  were never obs e rved 

to be p r e ye d  upon at L i n to n ,  they resp onde d w i th v igor o us 

s i ng in g  and a t tac k i ng when ever t h e  ter r i tory was en ter e d  by  a 

swamp harr i e r  ( C i r cus ap rox iman s )  or a huma n .  

( 6 ) W i th in-group Soc ia l I n terac t io n s . The dur a t io n  o f  

i n terac t ions w i th o ther occ u pa n t s  o f  t h e  ter r i t o ry w e r e  t i me d ,  

and the iden t i ty o f  the ac tor and reac tor were note d .  Soc ia l 

in terac t io n  r ecords wer e ex t rac te d  from t h e  t i me-ac t i v i ty data 

to fo rm a s eparate a l l-o ccurenc es samp le .  P l a y  behav io ur was 

not i nc l uded in th i s  ca tego r y .  

( 7 ) P l a y . Ac t io n s  i n te r p re te d  as  pla y are descr i b e d  in 

s ec t io n  4 . 2 . 6 .  P lay  wa s per fo rme d by b o th adu l t s  and  y ou nger 
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ma gp ies , and  ty p ic a l l y  cons i s te d  o f  boi s trous wres t l i n g  o n  the  

groun d ,  aer ial  chas i ng and s w i ng i ng e n  masse from t he ends o f  

b ranches . 

( 8 ) Not- i n- t err i tory . Also non-f u nc t io na l ,  th i s  cate gory 

s i mp l y  al lowed short t e rm abs e nc es from t h e  ter r i t ory t o  b e  

sc or e d . 

( 9 ) N e s t - b u i ld ing . N e s ts wer e  b u i l t  by fema les , b e g i n n ing i n  

ear ly J un e  each yea r .  

( 1 0 )  I n c ubat i o n . Eggs wer e  i n c ubated by fe ma les only . 

( 1 1 ) Br ood i ng .  N es t l i ng s  were brooded by fema l es on l y .  

( 1 2 ) Fe e d i n g  Nes t l i n g s .  Th is behav io ur was p er forme d b y  b o t h  

par en t s .  On l y  t i me spe n t  i n  at tenda nc e a t  t he n es t  was scor e d  

i n  th i s  cate gory , and the term " n es t l i ng s" r e fe r r e d  t o  n es t  

occ u pants  i nc lud i n g  f l e dgl i ng s .  

( 1 3 )  Feed ing J u v en i le s .  For some week s after f l e dg ing , yo ung 

magp i es sol i c i te d  food ex chan ge from a du l t s ,  a n d  t h e  o l d er 

b ir d s  responded by fe ed ing the j u ven i le s .  

4 . 1  . 4  S ta t i s t i ca l  ana lys es o f  t i me-ac t i v i ty score s 

Data ob ta i n e d  fr om the t i me b udge t s tudy were analy sed wi th 

parame tr i c  ana ly s i s  of var iance ( ANOVA ) p r ocedur e s ,  u s i ng the 
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ANO VA d ir e c t i v e  of  GENSTAT ( Ro thams ted 1 9 8 0 ) . Af ter an 

i n i t ia l  3- wa y  ANOV A ( us i ng be hav io u r , mon th ,  t i me ) , each 

behav io ur cate gory wa s ana ly se d  s epara tely  wi th 2-way ANOVA . 

T he scor es ( am o un t  o f  t i me expende d in  the a c t i v i ty i n  

m i n u te s ) were s ub j e c t  t o  a s q uare-root tran s forma t io n  w h i c h  

res tor e d  add i t i v i ty to th e e f fec ts o f  t h e  fac tor le v e ls . a 

was s e t  a t  0 . 0 5 .  

- . 2 . 0  Results 

4 . 2 . 1  Nu mb er and d i s t r i b ut i o n  o f  ter r i tor i e s . 

A s  o u t l ined in  s e c t i o n  2 . 2 . 3 ,  par t ia l  h i s tor i es were comp i l e d  

f o r  3 0  terr i tor i es . Each ter r i tory wa s coded by n umbe r  ( see 

F ig ur e  2 . c ) , and regular  chec k s  wer e mad e  of the numb ers and 

iden t i t ie s  of occ upan ts . The terr i tor i e s  wer e  fo und to b e  

u n i form ly d i s t r i b u te d  ( s e e  s e c t io n 2 . 2 . 3 ) , and average d 5 H a .  

i n  area . 

A tota l o f  6 2  nes ts were fo und in the s tu d y  a re a  b e tween June 

1 97 8  and J anua ry 1 9 8 2 : 7 i n  1 97 8 ;  22 i n  1 97 9 ;  26 in  1 98 0 ;  

and 7 i n  1 9 8 1 . An ana ly s i s o f  nes ts conte n ts and produc t i v i ty 

has been l e ft unt i l  C hap ter F i v e .  

4 . 2 . 2  Annual  cy c le o f  a c t i v i ty .  

Nes t- b u i ld ing c omme nced in early J une each yea r ,  and wa s 

cont inued by fe ma l es throughout J un e  and J u l y . A ge C la s s  
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Three and Four ma g p ie s  wer e  occas iona l l y  ob s erv ed to 

ma n i pu l a te n es t  ma ter ia l s  at  th i s  t i me ,  and t o  fo l low the 

nes t- b u i l d ing fema le .  Ma g p i e s  ma ted fr om l <l t e  J u l y  an d eg g s  

were la i d  from ear l y  Augus t .  By the end of Augus t ,  adu l t s  o f  

b oth s ex es c o u l d  be ob served pro v i s ion ing nes tl i n g s .  The 

you ng magp i es began to fo l l ow t he i r par e n t s  a f ter  6 week s ,  and 

wer e s een on the ground fr om early Oc tob er . 

By l a te Decemb e r , j u ven i l es  were forag i n� ind ependen t l y  a n d  

a d u l t  s ing ing b ehav io ur was at a m i n i mu m .  Se veral a t temp ts to 

t r ap b i rds between D ecember and ear l y  Mar ch fa i le d ,  becau se 

te r r i tory occ upan ts d id not respond to the l i v e decoy at thes e 

t i me s . Th i s  sug ges ted that terr i t ory de fence was 

i n te n s e  in the s u mme r . 

least  

From March , j u ven i les  ha tched the prev i o us s p r i ng be gan to 

mak e sho r t  f l ights  o u t  of  the terr i t ory , u sua l l y  t o  the 

neares t f l o c k  ground or uno ccup i e d  area . 

S i ng i ng i n tens i f ie d  from Mar c h , and f loc k b i rds mad e  fr equent 

at temp ts t o  per ch i n  de fende d areas . Al l o cc upan ts comb ined  

in  t he i r de fenc e  o f  i t ,  a lt hough ter r i t or i a l  group  compo s i t ion 

some t i me s  chan ge d  a round th i s  t i me .  Em i g ra t io n  o f  nonb reeder s  

pe aked i n  Augu s t / S ep temb e r  ( s e e  s e c t i o n  2 . 2 . 2 )  

4 . 2 . 3  I n ter- t e rr i tory behav io ura l i n te r ac t i o n s .  

The t i m i ng a n d  amount of ter r i t ory de fenc e  summe d  for 9 
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ind iv iduals  in terr i tor i e s  [ 0 1 ] ,  [ 0 6 J  and [ 0 8 ]  i s  shown o n  

F i gur e  4 . a . Exam ina t ion o f  the graph r evea l e d  t hat terr itory 

de fence ac t i v i t ie s  consu me d  mo st t i me in the early mor n i ng 

per i od and leas t dur i ng t h e  ear l y  a f ter noo n .  Th i s  r e f l e c te d  

the inc lu s io n  o f  s ing ing behav iour which was mo s t  in tense 

around daw n ,  be for e forag i ng beg a n .  Ter r i t o ry de fence 

occup i e d  the greatest p rop or t ion o f  t i me in the a u t u mn mo n th s 

( Mar c h , Apr i l , Ma y )  cons i s ten t wi th t he qua l i t a t i ve r epor t i n  

sec t io n  4 . 2 . 2 .  

D e fence behav io ur was e l i c i te d  by the prox i m i ty o f  ne ig h bour s ,  

and i n  some i ns tanc e s ,  was appar e n t l y  unpr ovoke d .  A t  f ir s t  

te r r i tory holde r s  f l e w  d ir e c t ly at  the op ponen ts , swoop ing 

h igh i n t o  the a i r  be for e  con tact was mad e .  Bi rds  fr eque nt ly  

de faecated  a t  the  height  o f  the  swoop , and  the s nap p ing so und 

mad e  by sha rp l y  c los i ng be ak s  cou l d  b e  c lear l y  hea r d .  The n ,  

a ft e r  land ing b o t h  group s s tood , b unched s ep a ra t e ly , o n  t h e  

ground a n d  caro l le d  loud l y .  At  th i s  po in t ,  d i sp u t es e i th e r  

l o s t  i n ten s i ty o r  esc a la te d  in to f ie r ce d i s p l a y s  of  

aggr ess ion . In  t he lat ter c as e ,  fr equ ent bo uts  of aer ia l 

d is p l a y  wer e  fo l lowed by th e te rres t r i a l ' b i l l- d ow n '  threa t .  

Bi rds r e ma i n i ng on  the gro und per formed ' '" i ng-tre rnb .l i ng ' i n  

resp onse to be ing d i ved a t .  Such aggres s i ve enco un te r s  were 

never obs e rv e d  to r esu lt  i n  ser io u s  phys ica l damage . 

2 3 1  ma gp ie-h ours of  t i me b udg e t  ob ser v a t ions were c o l le c t e d  

fro m  2 gro up-de fende d ter r i tor ies  ( [ 0 7 ]  a n d  [ 0 9 ] ) .  Both 

grou p s  d isb ande d i n  Oc tob e r  1 97 8  wi thout reproduc ing , a lth ough 

83 



"' c 
E 

w 
� 
� 

1 0 0  

5 0  

0 
1 00 

50 

0 
1 0 0 

5 0  

u 0 
z 2 00 
w u.. w 
0 
>- 1 5  0 a::: 
e 
a::: 
a::: 
w � 1 0 0  
z 
< w 
� 

5 0 

0 

W I N T E R  

r---

r---1--- ..----

I---
S PR I NG 

-
-

1---

S U MMER 

1---

t-1-.rl 

-

2 

f----

-

3 

T I M E 
4 

AUTUMN 

6 

F I GURE 4 . a .  The d i s tri but ion  of  terri tory defence acti v i ty 
i n  each day- time per i od for four  seasons . 

84 



one a du l t  fe ma l e re tur ned r epe ate d l y  to one p la ce i n  a t r e e  

a n d  sa t the r e  fo r long per iod s .  The t i me- b udge ts o f  th es e t wo 

group s  were cha ra c te r i s e d  by fr eque n t  aggr ess i ve i n te r a c t i ons 

wi th  ne ig hbour i ng ma gp ies and ma ny ab senc es fr om the 

ter r i to r y . I t  was j udge d  un l i ke ly that t hes e b i r d s  we r e  

for ce d  to forage e ls ewher e  s inc e the y  pla yed for ex tended  

per i od s .  

Four o f  thes e magp ies wer e c o lo ur-b anded ,  and a l l  we r e  

r es i gh te d  i n  the non ter r i tor ia l f l oc k .  A t  the t i me o f  

trapp ing none was iden t i f ie d  as a n  a d u l t  ma le , b ut two 

( b l ue-wh i te-green and b lue-ye l low- re d )  were l a ter de termined 

to be  ma le from v i sual  inspec t io n  i n  th e f lo c k ,  and one 

( b lue-wh i te - b lu e )  was s t i l l  i n  the f loc k a f t e r  20 mon th s .  T he 

fo urt h ,  ( b l u e- w h i t e-ye l low ) had r e ga in e d  terr i tor i a l  s ta t u s by  

1 - 7-80 , by  j o in i ng t h e  group occ upy i ng the  ter r i tory a d j a c e n t  

to t h e  locat io n  in  which i t  h a d  been tra ppe d .  I t  was 

i mposs i b l e  to de te rmine whe the r th i s  a n i ma l  was a subadu l t  

( aged a t  l e a s t  3 . 5  year s )  or  a fema le .  Ma le b l u e- w h i te-green 

had r e tu rned to the trap -s i te by 1 4 - 1 - 82 an d wa s a me mber o f  

t h e  sa me group a s  BW Y .  The mo vements o f  thes e b i rds a r e  

s k e tc h e d  o n  F i gu r e  4 . b .  

A n  at temp t t o  es tab l i sh a new ter r i tory wa s ob served i n  a u t u mn 

1 980 and descr ibed i n  s e c t i o n  2 . 2 . 2 .  One o f  the ind i v i d ua l s 

i n v� l v e d  had b e e n  b a n d e d  i n  the f lo c k  a n d  i ts 2 or 3 

compan ions were a s sume d  t o  be a l so from the f lo c k . 
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One o f  the two bande d ma les s tud ied  in terr i tory [ 08 ]  

( b lue-green- r e d )  t r an s ferred t o  t h e  adjacent group in 

terr i tory [ 1 2 ] dur ing sp r ing 1 9 7 9 . After BGR l e ft the group , 

one of  t he subadu lts  i n  [ 08 ] r evea led i tse l f  t o  b e  a ma l e ,  

leav ing a n  adu lt  ma le c omp l e me n t  o f  2 i n  th e ter r i tory . 

Ter r i tory [ 1 2 ] a lready conta ined 2 ma l e s ,  one of  wh i c h  had a 

ma l forme d  and nonfunc t io n a l  l e g .  However the er i p p l e  

dom inate d  b lue-gr een- r e d  t hrougho ut 1 980 , b u t  wa s gone from 

the group by  March 1 9 8 1 , leav ing b l u e-green- r e d  and ano ther 

ma le i n  r es i de nc e .  

4 . 2 . 4  De fenc e b y  p a i r s and group s .  

O f  th e 3 0  ter r i tor ies surveye d dur i ng t h e  s tudy , 9 ( 3 0% )  were 

occup ie d by mo nogamo us adu lt p a i r s  and the rema in ing 2 1  ( 7 0% ) 

were de fended by  gro up s  va ry i ng i n  compos i t io n .  

Gr o up s or i g inated i n  two wa y s .  At the end  o f  the ir f i r s t  y ear 

of  l i fe young magp i es e i t he r  rema ined in  the ir  n a ta l  

terr i tor i es , or depa r t e d  t o  the non- t e r r i tor ia l  f lo c k .  I f  

t h ey r e ma in e d  ( as A ge C la s s  Four and then suba d u l t  me mber s ) ,  a 

fam i ly or k in group was forme d .  Alternat i v e ly , sma l l  group s 

o f  f l oc k b i rds of unk nown re lat io n sh ip  a t temp te d  to r e c over 

terr i tor i a l  s tatu s ,  and if succes s fu l were terme d . non-k in 

group s .  � i x  ter r i tor i es a l ternated be t ween occ upancy by  a 

mo nog amo us p a i r  and  a fam i l y group .  

4 . 2 . 5  C ompo s i t ion o f  gr oup s .  
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Gr o up c ompos i t ion v ar i e d  dur ing th e s tud y .  The mo s t  

c omprehens i ve survey w a s  cond u c te d  for t he January 1 98 0  

censu s ,  and group compos i t io n  de te r m i n e d  t h e n  i s  s u r�a r i s ed o n  

T ab l e  4 . a . O f  t h e  1 8  group-de fende d terr i tor i es c e n sused t h a t  

year , 8 ( 4 4 % ) wer e  occup i e d  by a tr i o  o f  2 ma le� a n d  1 fema le ,  

and t her e were 4 ( 22 % ) fam i ly  group s .  Me an gro up s i ze  

( ex c lud ing Age C lass  Th ree magp ies ) was  3 . 8 in 1 9 8 0 , and 3 . 7 

when average d  ov e r  3 yea r s  and 4 1  r ecords o f  gro up occ upanc y .  

4 . 2 . 6  I n tra-terr i tory re l a t ionsh i p s .  

Behav io ura l i n teract ions be t ween ind i v i d ua l s  w i th i n  

t er r i tor i e s  cons t i tu te d  only 0 . 1 %  o f  the  t o t a l  t i me - b udge t ,  

and were in fr equen t l y  obs e rv e d  a t  other t i me s .  Magp i es d i d  

no t a ll o p reen or per form any other t ac t i le contact  behav io ur . 

Gro u p  member sh i p  may be re in forced by · gro up s i ng i ng 

ac t i v i t ie s , or coopera t i v e  de fenc e .  Apart fr om s ex u a l  and 

par e n ta l  behav io u r ,  soc ia l i n t er c o ur s e  was l i m i te d  to  play  a nd 

domi n anc e  enc o un te r s .  

B ou ts o f  p l a y  typ i c a l l y  occurred in  th e m i d - a fternoon.  

Juveni l es i n terac ted wi th s i bl i ng s  i n  aer ia l  chas es from 

for ag ing l o ca t ions to per ch ing s i te s , and man i p ul a t e d  s t ic k s  

and o ther s ma l l  ob j e c t s  s i ng l y  or i n  company w i th o the r s .  I n  

a l l , 1 5  pla y bouts were wa tched w i t h i n  ter r i tor ie s . 

Adu l t s  p layed wi th the i r  o f f spr ing i n  s eem i ng l y  moc k - tuss l e s  

o n  t h e  ground . U s u a l l y  th e y oung e r  b ir d s  l a y  i n  the  gras s ,  
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TABLE  4 . a 

Group  compos i t i on  a t  January 1980 census  

Terr i tori es  Ma l es Fema l es A . C . 5  A . C . 4  A . C . 3  Unc l a s sed 

[}� 1 1 0 1 0 0 

[}� 1 1 0 0 2 1 

[}� 1 1 0 0 2 1 

[?� 1 1 0 1 2 0 

[Q� 1 2 0 0 1 0 

[?� 1 0 0 0 3 

[Q� 2 1 0 1 2 0 

[}[! 2 1 0 0 3 0 

�QJ 2 1 0 2 0 0 

�� 2 1 0 1 1 0 

�tl 2 1 0 0 1 0 

[14] 2 1 0 0 0 3 

�� 2 1 0 0 0 0 

QQJ 2 1 0 0 1 0 

[p] 2 2 0 0 2 1 

l1D 2 2 1 1 0 0 

[?� 2 2 0 0 0 0 

[}� 3 2 0 0 3 0 



wh i l e the adu l t s  ma i n ta ined b i l l  contact wi th them and h opped 

fr om s i de-to-s i d e  ov er the prone f i gu r e . At other t i me s ,  one 

mag p i e  wa lked beh ind ano ther tu gg i ng gen t l y  at  the f i r s t  

b i rd ' s  t a i l  and s i t t i ng qu ic kly whenever t h e  b ir d  i n  fr ont 

turned aroun d .  

Ad u l t s  played toge ther o n  th e ground i n  a ser i e s  o f  

moc k - f i g h t s ,  or i n  t r e e s  by hang i ng t oge ther from the t ip s  of  

branches , suppor t e d  by  b eak or one le g .  Ad u l t  pla y d i d not 

seem t o  be i nh i b i te d  by h ie ra r ch i ca l  re l a t io n sh ip s .  

Domi nanc e encounters wer e  ob ser v e d  b e tween adults  o f  the same 

s ex and took t he form of low swoop i ng f l ights  at subord inat e s ,  

wh o responded b y  wing- t r emb l i ng or voca l i s i ng i n  a manner 

r es e mbl i ng j u v en i l e begg i ng .  B i rds  d i sp laced each ot h e r  at  

per che s , b ut wi thout overt s igns  o f  aggres s io n .  Monogamo usly 

pa i r e d  a d u l t s  n e v e r  behaved in th i s  wa y .  

Aggres s i ve  i n te r a c t io n s  amo ng gro up memb e r s  i n tens i f i e d  fr om 

J u ne unt i l  Sep te mb er .  Fema le s  attac ked each other , des troy e d  

t h e  n es t s  bu i l t by gro up- ma t es a n d  f lew aggress i ve ly at  

sol i c i t ing fema les ( see s ec t io n  4 . 2 . 7 ) .  O n e  such exchange wa s 

obse rved be tween fe ma l es k nown t o  b e  mo the r and daughter  ( s e e  

s ec t io n  6 . 2 . 2 ) . 

I n  November 1 9 80 , 2 ma les i n  [ 1 2 ] per s i s te n tly attac ked a sub 

a du l t  ( A ge C lass  F i v e )  b i rd in the same ter r i tory,  who ma de 

begg ing no i s es and w i n g - t r emb l e d , but rema ined  i n  ili e  
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ter r i t o ry . I n  ano the r i nc i d en t ,  when one o f  t w o  banded ma le s  

in  [ 02 ]  wa s sh ot in 1 9 7 9 , th e o t h e r  ma le cont inued to de fe n d  

t h e  terr i t ory w i th t h e  two r es i d en t fe ma l e s  unt i l  t h e  end  o f  

the s tudy . 

4 . 2 . 7  Se xua l b ehav io ur .  

I n  tot a l , 1 0  cop ula t i o ns we r e  ob served  dur ing th e s tudy . In 

each c as e ,  the ma t i ng was i n i t i a te d  by t h e  fema le par t ic i p an t ,  

who i n d i c a te d  her read iness  t o  ma t e  by per ch ing near h e r  n es t  

and " sol ic i t i ng " . The sol ic i t  d i sp l ay ( F igure 4 . c ) in vo l v e d  

rap id ver t i c a l  v ib ra t io n s  of the t a i l  accompan i e d  by 

w i ng - t r e mb l i ng .  H e ns cro uched s l i g h t l y  d u r i ng t h e  d i sp l a y  a nd 

p o i n te d  the beak skywa rd s .  Fema les d id no t voca l i s e  w h i l e  

d i splay i ng a n d  u sua l ly sol i c i te d  i n  t h e  m id - morn i ng .  

After a s h or t  i n te r v al , a ma le  f l e w  d ir e c tly  to t he d i splay ing 

h e n ,  mounted her and c opu l a te d .  The encoun ter was t e rm inated 

by  the ma le d i smo unt ing and fly ing to  ano ther per ch . Ma t e d  

fe ma l e s  f l u f fe d  o u t  t he i r fea thers and , i f  n o t  i n t e r r up te d ,  

en te r e d  the  nes t and r ema i n e d  there for s everal m in utes . 

Two o f  t h e  obs e rved ma t i ng s  invo l ved A ge C lass Four and F i ve 

fema les . So l i c i t ing was p e r forme d  by a cap ti ve-r eared ma g p i e  

a t  fou r  months o f  age , a n d  A ge C l ass Three a n d  Four magp i es 

we re ob serv e d  s o l i c i t ing i n  the f i e ld on  s everal occas ions . 

O n  3 occas ions e ar l y  i n  t he season ( m id-Jun e ,  ear l y  J u l y ) , 
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mo nog amo usly p a i r ed ma les chased nes t- b u i ld ing fema les in  to  

t h e  t r e es and o n ce , tl1e ma le - fe ma l e pa i r  fe l l  fr om the  t r ee 

l o c ked in contac t .  

An oppor t u n i ty t o  o b s er v e  the ma t i ng ac t i v i ty o f  the b ir d s  in 

a gro up- de fended ter r i t o ry occ urr e d  i n  J u l y  1 98 1 , when the 

s i ngle fema le in  [ 2 8 ]  so l i c i ted for 1 0  m i n u tes near her n es t ,  

a t t rac t i ng bo th ma l es i n  t he ter r i t o ry t o  the t r e e .  Wh i l e one 

ma le per che d  near the  base o f  the t r e e ,  th e other hop p ed fr om 

b ranch t o  branch c lose to t h e  t ru nk un t i l  he was ab ove the 

fema le .  When h e  flew  onto the hen , the s ec ond ma le 

i mmed i a te ly f le w  up to  the pa i r  and caused the f ir s t  ma le to  

fly to a l ower branch i n  a f l u r ry o f  beak - s nap p ing . The 

fema l e  began to sol i c i t  aga i n  and once aga in  the f ir s t  ma l e  

f l e w  t o  her , and c op u la te d .  The s econd ma le fle w a wa y ,  

fol lowe d and then j o ined by  t he f i rs t .  

A descr i p t io n  o f  the ma t i ng d i sp l a y  by S i c ker ( 1 9 4 6 ) was in 

fac t  a m i s ident i f ie d  p l ay bo u t .  

4 . 2 . 8  Coop era t i v e  breed ing . 

I n  many group- l i v ing spec i e s  of b ir d s ,  nonb reede r s  ass i s t  

breeders a t  t h e  n es t  ( s e e  s e c t io n  5 . 0 . 0 ) . H oweve r ,  o n l y  t wo 

i n s tanc es o f  help ing b ehav io ur d u r i n g  b reed ing wer e  ob serv ed 

dur i ng the s tudy . 

I n  Oc tober 1 97 9 , th e two ma l e s  res i d e n t  i n  [ 0 8 ]  each f e d  the 
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i nc ubat i ng fema l e  when sh e begge d .  Monogamously pa ired ma les 

never fed a nes t ing fema le .  A l t h ough both  ma les in  terr i tory 

[ 1 7 ] wer e  seen carry i ng beak fu l s  of ins e c t s  in S ep te mbe r 1 98 0 , 

only one actually  fe d the nes t l i ng s .  The same ma les r ema i n e d  

i n  c los e pr ox i mi ty in  J u l y  1 9 ff2 , a n d  n e i ther 

i n c ubat i ng hen a lth ough she was aud ibly  b e gg ing . 

fed the 

I n  th e s e cond instanc e , d ur i ng cond i t ions of food ab undance , 

one fe ma le whose own nes t ing a t te mp t  had fa i le d  fed th e 

f l e d ge d  offsp r i ng o f  t h e  ot h e r  fe ma l e  i n  t he ter r i tory ( s e e  

se c t ion 6 . 2 . 3 ) .  

Age Class Fo ur and F i v e au x i l i a r i es wer e never ob ser v e d  to 

ass i s t  wi th n es t l i ng s  or j u v en i l es .  

From S pr i n g  1 9 7 8  to s p r ing 1 9 8 1 , 1 4  breed ing events i n  6 

gro up-de fende d terr i t or i es conta in ing two a du l t  fema l es we re 

mo n i tor e d . Two fema les b u i l t  ind i v idual  nes ts in  7 

ter r i tor i e s ,  o n l y  t h e  s i ng l e  fe ma l e  bu i l t a n es t  i n  3 

terr i tor i e s  and the number of n es ts was unk nown i n  th e 

r e ma in i ng 4 t er r i tor i e s . O f  th e 7 t w i n  n es t  e f for t s ,  3 were 

reduced t o  a s ingle  n es t  as the r es u lt o f  f i ght ing b e tween t h e  

fema l e s . I n  terr i t o r y  [ 1 2 ] i n  spr i ng 1 97 9 ,  a subord inate  ma l e  

fed the nes tl i ng s o f  the s u b ord inate  fema l e . Subord inate hens 

de l a ye d  lay i n g  unti l the dom inan t fema l e  was incuba t i ng h e r  

own c lu tch . 

4 . 2 . 9  J u ven i le and s u b adult  d i sp e r sa l .  
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O f  t h e  5 8  surv i v i ng j u v e n i l es ha tche d be t ween spr i ng 1 9 7 8  a n d  

spr ing 1 9 8 1  in t h e  1 2  r e gu la r l y  censu se d  terr i tor ies , 5 1  ( 8 8 % ) 

emigrate d  from the ter r i tory a t  the a ge o f  one yea r .  The 

other 7 ( 1 2 % )  r ema ined in the natal  te r r i tory fo r one mor e  

yea r . Four o f  thes e b i r d s  ( 6% o f  the tota l )  s tayed i n  t he i r  

ter r i tor i e s  as subadu l t s . 

As de scr i b ed in s ec t io n  2 . 2 . 2 , j u ven i le d ispersa l ( an d  hen c e  

f loc k forma t io n )  occurred as the nex t c oh o r t  was f le dg i ng .  

Age C l ass Three mag p ies b e gan to mak e  shor t  f l i g hts awa y  fr om 

t he nata l ter r i t ory dur i ng t he i r  f ir s t  a u tu mn ,  u sua l ly t o  the 

neares t f lo c k .  The per iods o f  ab sence ex tended fr om m i n utes 

to  s e veral ho ur s ,  unt i l f ina l ly the b i rds wer e  no l o nge r 

r es i d e n t  i n  the terr i tory . Aggr es s i v e  inc iden ts in vo lv ing 

adu l t s  and the ir  A ge C lass Thr e e  offsp r i ng dur i ng t h e  au tumn 

and w i n te r  ma y have contr i b ut e d  to j u ven i le d i sper sal  ( see 

s e c t ion 4 . 2 . 6 ) . The p r ox i ma te s t i mu lus for emigr a t io n was 

unk now n ,  b ut s ee Cha p ter S i x .  

Al t h ough t h e  Age C lass Four sample wa s sma l l , a lower 

pr opor t ion of t h es e b i rds emigrated fr om the ter ri tor ies in 

the fo l lowing ye ar . Mag p ies which s t aye d at home dur ing the 

fi rs t  cyc le  of d i sper sa l  exper ienced ( appr ox i ma te l y )  a 5 0 %  

l i k e l i hood o f  becoming permane n t  res idents . 

4 . 2 . 1 0  T i me-Ac t i v i ty D i s t r i b u t io n s .  

Between Sep te mber 1 9 7 8  and August 1 9 7 9 , 8 4 8  hour s of 
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obs e rv a t ion y ie lded a lmos t 2500 magp ie-hour s of  t i me - ac t i v i ty 

data  from 9 a d u l t s  in  3 te r r i tor i es . The sampl ing e f for t i s  

summa r i s e d  o n  Tab l e  4 . b . 

When ac t i v i ty sc ores were average d  o"v er a l l  ind i v id uals and 

day t i me per i ods for each mon th regard l ess of  the s ex of  

i n d iv iduals , three non-rep roduc t i v e  ac t i v i t ies were 

predom inant in  th e t i me b u d ge t .  T h ey were forag i ng ,  per ch i ng 

and ter r i tor i a l  d e fenc e ,  and  the i r  d i s tr i b ut ions are pres en ted 

on F i gure 4 . d . When t h e  r eproduc t i ve mon ths ( Augus t ,  

Se p te mber , Oc tober ) are om i t t e d  fr om cons idera t io n  then 

forag i ng occ up ied  be t we e n  48% and 63% of a day ; per ch i ng took 

35% to 4 6 %  of the da y ,  and  terr i tor ia l  d e fence used 0 . 5% to 6% 

of the da y .  Whenever a decre as e  in  forag i ng ac t iv i ty was 

recorded  be tween mo n th s ,  per ch ing behav io ur i nc r eas e d .  The 

pr opor t ion of t i me spen t forag i ng d e creased s tead i ly through 

the sp r i ng and early s u r�e r ,  b ut m i d-su�er forag ing levels 

were h ighe r .  Ter r i tor ia l de fence leve ls peaked t w i c e : i n  

Oc tober/November ( when dep enden t j u ven i les were in th e 

terr i tor i es ) , and dur i ng au tu mn .  

Separa te ma le a n d  fema le t i me-ac t i v i ty d i s t r i b ut ions for the 

b r eed i ng s e a so n  are pr es e n ted on  F igure 4 . e . I n  Augus t ,  

fema les ( n= 3 )  spen t t h e  greates t propor t ion of  t h e i r  t i me 

i nc ubat i ng ,  and the average pr opor t ions of  t i me spent i n  

forag ing and per ch ing wer e  r e duced t o  2 1 % a n d  9 %  respec t i v e ly . 

I n  the same mon th ,  ma l es ( n= 6 ,  i nc lud i ng non- r eproduc t i ve 

fema le )  foraged for 5 3 %  of the t i me ,  and p er ched for a lmost 
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TABLE  4 . b  

Summary o f  samp l i ng effort for terri tory 
t ime budgets i n  rea l - t i me mi nutes  

Terri tori e s  Months  T imes SON DJF MAM JJA 

ITlTI 852 889 808 589 T l 
852 889 808 589 Tz 
852 889 808 589 T 3  

679 9 14 723 643 T'+ 

679 914 723 643 T s 
679 9 14 723 643 T6 

[]� 717  886 684 589 T l 
7 1 7  886 684 589 Tz 
7 1 7  886 684 589 T 3  

687 918 7 14 520 T'+ 

687 918  714 520 Ts 
687 918 7 14 520 T6 

[]� 583 885 658 470 T l 
583 885 6 58 490 Tz 
583 885 568 490 T3 

574 855 7 1 2  5 10 T'+ 

574 855 712 5 10  Ts  
574 855 7 1 2  5 10 T6 
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a l l  t h e  rem3 inder . Bo th  fe ma l es and ma l es fe d nestl i ng s ,  and 

th i s  wa s r e f l e c te d  in the  Sep tember t i me b udge t .  Pr ov i s ion ing 

n es t l i ng s  occ up ied 7 %  o f  the day  in  bo th c as e s , and  forag i ng 

ac t i v i ty accounted for' 6 4 % an d 6 7% of the t i me .  Hens spen t 

l ess t i me de fend i ng the terr i t or i es U1 an the ma l e s ,  and 

b rooded nes t l i n g s  for 1 4 % of th e da y .  ay Oc tober , th e fema le 

t i me bu d ge t  bore more r es e mb la nc e  t o  t he d i s t r i b u t ion o f  ma l e  

ac t i v i t i es , e x cep t for a r educed contr i b ut i o n  t o  terr i tor ia l  

de fenc e  and l es s  per ch i n g ,  i n  favo ur o f  brood i ng behav i ou r .  

Three i ndependen t v ar i a b les ; b ehav iour ( 1 3  levels ) ,  mo n th ( 1 2  

leve l s ) , and t i me ( 6  leve l s ) were exam ined for the i r  e f fe c t s  

on one depen d e n t  v ar ia b l e , th e amo un t  of t i me expended b y  the 

n ine  b i rds under s tudy . A fter a n  exp loratory 3-way ana lys i s  

o f  v ar iance ( ANOVA ) w h i c h  t e s te d  the seven hy pothes es l i s t e d  

on Tab l e  4 . c  i t  w a s  fou n d  t hat  a square r o o t  t ransforma t ion o f  

the data produced the l owes t res idual  sum of squares 

( re f l ec t i ng wi th in-group error ) , so fur ther ana lys es were 

performed on transfo rme d scores only . Exami nat ion of Table  

4 . c  r evea l e d  that  the  sum o f  squar es ob ta ined for t h e  

b ehav i o ur fa c tor w a s  orde r s  of ma gn i tude greater than the 

values  ob ta ined  for the o th e r  factors and in terac t io n s . Th i s  

was i n terp re te d  t o  b e  the  o utc ome o f  unc ommo n a c ts such as 

w i th in-group soc ia l i n terac t io n ,  or n est-bu i ld i ng ,  exer t i ng a 

la rge i n fl u en c e  o n  the between-group ( be tween-b ehav i o ur ) 

var ianc e .  I n  o ther word s ,  d i f fer enc es i n  t i me expend i ture 

between c ommo n and uncommo n behav ioural acts were so great 

t hat  they ma y  h ave over shad owed mon th and t i me e f fe c t s  on t i me 
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TABLE  4 . c  

Hypothes i s  Ca l cu l a ted F df 

1 7792 . 718  1 2  

2 6 . 879 1 1  

3 8 . 01 2  5 

4 24 . 872  132  

5 2 0 . 299 60 

6 0 . 563  5 5  

7 1 . 821  660 

Hypotheses 

Cri t i c a l  F ( a ( Z ) = 0 . 05 ) 
1 .  75 

1 .  79 

2 . 2 1 

1 . 22 

1 . 32 

1 .  35 

1 . 00 

Dec i s i on 

reject H0 

reject  H0 

reject H0 

rej ect H0 

reject H0 

accept H0 

reject  H0 

1 the t ime expended was the same for a l l acti v i t i es  

2 the t ime expended was the same for a l l months 

3 the t ime expended wa s the same for a l l t imes  of day 

4 d i fferences i n  t i me expended i n  each  acti v i ty were 
i ndependent of month l y  d i fferences 

5 d i fferences i n  t ime expended i n  each acti v i ty were 
i ndependent  of t i me of day d i fferences 

6 d i fferences i n  t ime expended between months were 
i ndependent of t ime of day 

7 there was no i nteract ion  between the effect of 
acti v i ty ,  month  and  t i me of  day on  t ime expended 
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ex pend i tu re .  

Accor d ing ly , th e tran s forme d data were subjec ted to 2-wa y 

A N OV A of mon th and t i me fac tor s ,  for" er1ch c a te go ry o f  

behav io ur . A v isual  P. x ami nat ion of the p l o t s  of res i d u a l  

ver sus f i t te d  v a l u es and r es i d ua l s  ver sus norma l i s e d  r es idua ls  

served a s  a che c k  of h omo sceda s t ic i ty ( Z ar 1 9 7 4 ) .  

The amo unt o f  t i me expended i n  each o f  the three predom ina nt 

c la s s es of ac t i v i ty ( forag ing , per ch ing , and terr i t or i a l  

de fenc e )  var i e d  s i gn i f i c a nt l y  wi th mon th and t i me o f  day , and 

was sub j e c t  to s i g n i f i c a n t  i n te r a c t ions between mo nth and 

t i me .  

A s u mma ry o f  the analy s i s  for forag ing a c t i v i ty i s  prese n te d  

o n  T ab l e  4 . d . A lt hough a l l  thr e e  v a r ianc e rat io s ( F  v a l ue s )  

were s ign i f i c an t ,  the ra t io ob ta in e d  for the t i me fac tor was 

la rge r e l a t i v e  t o  that ob ta ined  fr om mon th o r  the  mon th x t i me 

i n te ra c t i o n .  To v is u a l i s e  the t i me e f fe c t ,  refer t o  F i gu r e  

4 . f  where t h e  me a n s  of the t rans fo rme d scor es are  p l ot ted 

aga i n s t  t i me of d a y  for each t h ree-mo n th s easo n .  Le a s t  t i me 

was spen t forag i ng i n  the ear l y  morn i ng and the l a t e  a f ter noon 

per iod sa w cons i s te n t l y  h ig her forag ing levels . The me an 

a mount of t i me spen t forag i n g  i n  the l a te a f ter noo n i n creased 

i n  summe r .  

The analy s i s  o f  p er ch ing behav i o ur i s  summa r i s ed o n  Tab l e  4 . e .  

A ga i n ,  t i me o f  day mos t  s t rong l y  influ ence d  t h e  d i s t r i bu t ion 
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TABLE 4 . d  

Ana lys i s o f  vari a nce on t ime spent forag i ng  
by month a nd t ime , for terri tory magp i es 

Hypothes i s Ca l cu l ated F df  Cri t i ca l  F Dec i s i on ( a ( 2 ) = 0 . 05 )  

1* 6 . 286 11 1 . 99 reject Ho 

2t 4 7 . 754 5 2 . 57 reject Ho 

3tt 3 . 433  55  1 . 43  rej ect Ho 

the t ime s pent  fora g i ng wa s the same i n  a l l months 

the t ime s pent  forag i ng was the same at  a l l t imes  

d i fferences between months i n  the t ime spent forag i ng  were 
i ndependent of t i me of day 
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TABLE 4 . e  

Ana l ys i s  o f  vari a nce on t ime s pent perch i ng 
by month a nd t ime ,  for terri tori a l  magp i es 

Hypothes i s Cal cul a ted F df 

1* 8 . 077  11  

2t 42 . 6 54 5 

3tt 2 . 928 55  

Cri t i ca l  F ( a ( z ) = 0 . 05 )  

1 .  99 

2 . 57 

1 . 43  

Dec i s i on 

reject H0 

rej ect H0 

reject H0 

* the t ime s pent perch i ng wa s the same i n  a l l months 

t the t ime spent perc h i ng wa s the same a t  a l l t imes  of day 

tt d i fferences between months  i n  the t ime s pent perch i ng were 
i ndependent of t i me of day 
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of per ch i n g  ac t i v i ty and the in te r a c t io n  e f fe c t  s eeme d sma l l .  

A s  demons t ra ted i n  F i g ur e  4 . g  per ch i ng behav io ur comp lemented 

fo ra g ing .  

The analy s i s  o f  terr i t or i a l  de fenc e beha v io ur ( Ta b le 4 . f ) 

sh owe d t hat t i me o f  da y was a n  i mpor tan t inf luenc e ,  and  that 

mo nth exerted s t rong pressure on the d is t r i b ut io n  of  th i s  

act iv i ty .  Th i s  in forma t ion was g r aphed in  F i gur e 4 . a  ab ove 

and descr i b ed in se c t io n  4 . 2 . 3 .  

The mo nth x t i me i n te r a c t ions we re de te rm i n e d  fr om the graphs 

t o  b e  qua d rat i c  in form , b u t  po lynom ia ls expr ess i ng each t r end 

wer e  no t deve lop ed . 

B y  rep ea t e d ly p lo t t ing the f i t t e d  values of  i n d iv idual 

forag i ng ,  perch i ng and ter r i tor ia l  de fenc e sco r es aga ins t the 

res idual values ( ro ughly e q u i v a lent to amo unt of error ) , i t  

was poss ible  t o  chec k for obv io u s  ind iv idua l d i f fer enc e s  i n  

the amo unts o f  t i me ex pended in  th es e a c t iv i t ies . The u n i ts 

of  mea surement for a l l  t h e  g raphs were the square r oot 

transforma t io ns of the or i g ina l  scores in m i n u tes . For ag ing 

behav io u r  i s  i l lus t ra te d  on F i g ur e s  4 . h  ( 1  ) ,  ( 2 ) , and ( 3 ) , and 

per ch ing behav io ur on F i gu r es 4 . i  ( 1 ) ,  ( 2 ) , and ( 3 ) .  Two 

fe ma l es ( i n ter r i tor ies [ 0 6 ]  and [ 0 8 ] ) d i f fere d in the i r  

3p r i ng t i me b udge ts . I n  te r r i tory [ 0 6 ]  the hen spent less 

t i me fora!S i ng tha n th e c oc k  in Augus t and bo th ma l e  and fema le 

e x h i b ited  the ir  lowes t p er ch ing sc ores in  Sep tember . The hen 

in [ 0 8 ]  for age d l es s  than t h e  ma l es in August and S ep tembe r ,  
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TABLE  4 . f  

Anal ysi s o f  var i a nce on  t ime s pent defend i ng 
the terri tory , by month a nd t ime 

Hypothes i s  Ca l cul ated F df  Cri t i ca l  F Dec i s i on 

1* 18 . 097 1 1  1 . 99 rej ect Ho 

zt 45 . 857 5 2 . 57 reject Ho 

3tt 4 . 91 7  55 1 . 43 rej ec t H0 

* t i me s pent defend i ng the terri tory was the same i n  a l l months  

t t ime spent defen d i ng the  terri tory was the  same at  a l l t imes  
of  day 

tt d i fferences i n  the t i me spent defend i ng the terri tory between 
months  were i ndependent of t ime of  day 
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KEY TO F IGURES 4 . h  a nd 4 . i  

There are two parts to each fi gure : 

( 1 )  transpa rency denotes t ime of day for each score 

1 - early morn i n g  

2 - mi d-morn i ng 

3 - l ate morni ng 

4 - earl y a fternoon 

5 - m id-afternoon 

6 - l ate a fternoon 

o - more than one s core 

( 2 )  l ower copy denotes month for each score 

1 - September 

2 - October 

3 - November 

4 - December 

5 - January 

6 - February 

7 - March 

8 - Apri 1 

9 - May 

10 - June 

1 1  - Ju l y 

12  - Augu s t  
0 - more than one s core 
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rtnd  had lower per ch i n g  sc ores than t he coc ks  in Sep tember . 

These behav io ura l d i f ferenc es co i nc i ded w i th i nc uba t io n  and 

nes t-p rov is i o n ing by th e fe ma l e s . 

Mon th ly t o ta l s  o f  the t i me expended in forag i ng ,  per ch i ng a n d  

terr i tory de fen c e  b y  each i n d iv idual w e r e  prep a red , and tes t e d  

for d i f ferences be tween pa ir- a n d  gr·o up- ter r i tory  ma l es and 

fema les us ing 

d i s t r i b u t ions 

the i'1ann-Wh i tney procedur e  

for t hree ind i v idua l s  were 

( s i n c e  th e 

not norma l ) . 

Group- t er r i tory ma les spent s ig n i f i c an t ly less t i me per ch ing 

than pa ir- ma l es ( P = 0 . 0 0 38 ) ,  and wh i l e t he gro up- ter r i t ory 

fema le a lso per ched less  than p a i r - t e r r i t ory fema le s ,  the 

d i f ferenc e  was not s i gn i f i c an t .  N o  d i f ferenc es in  t h e  a mo u nt 

o f  t i me spen t for a g in g were fo und be tween pa i r - and 

group- terr i t o r y  ma l es or be t ween fema l e s . 

S i g n i f i can t d if ferences in  the t i me spen t defend ing the 

ter r i tory wer e  fo un d . Group- ter r i tory ma l es and t he fema l e  

spen t mor e t i me d e fe n d ing the ir  ter r i tory than the p a i r e d  

ma l es o r  fema l es d i d ( P = 0 . 002  for ma l es , P = 0 . 0 1 9  for fema l e s ) . 

The f i v e  r ema i n ing non- r ep roduc t i ve a c t i v i t ies  could not b e  

v a l i d l y  ana lysed us i ng ANOVA s ince fe w cel l s  conta ined v a l ues 

greater than z er o .  I n s tead , the non- t ransforme d scores for  

each ind iv idual  we r e  p lo t te d  for each mon th a n d  t i me i n  a 

manner ana logous to  the f i t t ing o f  r esponse sur fac es ( Ste e l  

a n d  Tor r i e  1 9 60 ) .  Ma in ten a nc e  behav iour was d i s t r i b u t e d  

b e tween mo n t hs and t i me s  b y  i n d i v iduals wi thout any ap pare n t  
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pat tern and was d i sr ega rde d .  Thes e  data ma y  have been 

st rong ly i n f l uenced by the d i f f i c u lty  of  ob serv ing s tate 

changes by per ch i ng b i r d s . Ant i predator behav iour i s  p lo t te d  

on F i gu re 4 . j ,  wi th in-group so c ia l  i n te r a c t ions on F i gure 4 . k ,  

and p lay o n  F i gure  4 . 1 . Mo nogamo u s  pa i r s  spen t more t i me i n  

an t i p reda tor b ehav io ur than the group-l i v ing ma g p ie s .  Soc ia l 

intera c t ions wi th i n  soc ial u n i t s  wer e  conf ined to J u l y  and 

Augu st ,  and  the two a d u l t  ma les in [ 0 8 ] pla ye d  in Oc tober and 

N ovember of 1 97 8 ,  when t he r e  wa s no breed i ng act i v i ty in t h e  

ter r i tory . 

D i r e c t  p aren t a l  i n ves tme n t  by ma le ma g p ies began wi th th e 

ha tch i ng o f  t h e  e gg s ,  from w hen monogamou s ly- pa ired a nd 

dom i nan t group ma les be gan to prov ide food to th e nes t l i ng s  

( s e e  P l a t e  4 . a ) .  A two- wa y  AN OVA on the number o f  n es t  v i s i ts 

per formed by ma les and fema les i n  each t i me per i od fa i le d  t o  

detect  a ny i n f luence o f  s ex on  th i s  behav io u r . I n  o th er 

wor d s ,  ma le paren ts v i s i te d  the nes t as often as the fema le 

par en t s  d i d .  

� . 3 . 0  Discussion 

L i t t l e  of the v ar i a t io n  in ter r i tory tenure descr i b e d  by 

Carr i c k ( 1 9 7 2 ) was seen in the L inton p opulat io n . Thr e e  o f  

the 3 0  ter r i t or i e s  i n ves t i gated dur ing the study wer e  

sh or t - l i ve d ,  b u t  the rema inder con formed to the d e scr i p t io n  o f  

perma nency supp l i e d  by C a rr i c k .  Ne i ther inner nor o ut e r  

ma rg i n a l  terr i tor i es nor mob i l e  gro up s  w e r e  de tected i n  th e 
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PLATE 4 . a .  Ma l e  magp i e  prov i s i ons  three nestl i ngs . 





s tudy are a .  

I n s te ad , the seden tary pha s e  o f  the pop ula t io n  d e fended 

a l l - purpos e and a l l -year-roun d ter r i tor i es for sev era l  year s .  

The tran s i t io n  between terr i tor i a l i ty and noma d i sm was ab ru p t  

by compar i son wi th t he C a nberra p opu l a t ion . 

Terr i tor ia l i n d iv iduals d i v ided �e bulk o f  th e i r  

non - r eprod uc t i ve e f fort bet ween forag i ng ,  per ch i ng and 

de fe n d ing the terr i tory by song and v is u al d i s p la y .  I f  a 

cons tant l eve l of e f for t dur i ng forag i ng a nd constant 

me t ab ol i c  requ irements are assu me d ,  then var i a t ions i n  the 

amo un t o f  t i me devo ted to forag i ng reflected cha nges i n  the 

av a i lab i l i ty o f  fo od . Greates t t i me was expen de d i n  forag ing 

dur i ng the m id - sum mer mon ths and i t  is hy pothes i z e d  here  that 

p rey sp ec ies type or a v a i lab i l i ty altered a t  tha t  t i me .  I t  

was anecdota l ly note d dur i ng t h e  s tudy that eart hworms w ere 

the princ ipal  prey in  ma g p ie d ie ts at L i n to n .  A s  so i l  

mo i s ture leve ls lowered over t he summe r ,  s o  worms ma y  have 

b ec ome more d i ff i c u lt t o  ob tain , e n ta i l i ng a sh i f t  t o  mor e  

t i me - co n su m i ng ( fe we r , harder t o  f in d , ha rder t o  c a tch ) p r e y .  

A l t h ough i t  h a s  p rev i o usly been argued tha t food sh or tages 

( ev i denced by  ma lnut r i t io n )  were no t exper ienced b y  mag p i e s  

( Ca rr i c k  1 9 7 2 ) , the resu lts  o f  t h e  t i me-ac t i v i ty i n ves t ig a t io n  

d escr i be d  here su gges t tha t food was harder to  ob t a in  i n  t he 

summer a t  L i n ton . 

As de monstrated on F i gure 4 . e ,  forag ing behav io ur was 
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camp le men ted by  perch i ng such that as forag i ng l e ve ls  

decreased , the  amount o f  t i me ex pende d i n  perch ing incr eas ed . 

The func t ion of  t h e  per ch i ng behav iour wa s unknown b u t  r es t  

and surve i l lance were r ea l i s t ic poss i b i l i t ies . I n  A pr i l fo r 

examp l e ,  re l a t i ve ly l a rge amounts o f  t i me wer e  spen t i n  

ter r i tory de fenc e and perch ing ac t i v i ty ,  so that  some o f  the 

t i me scored as perch i ng may h ave func t ioned in surve i l lance . 

The role o f  res t in  the da i ly t i me b udge ts wa s d i f f ic u l t  to  

ass es s ,  s i nc e per ch i ng t i me was e r od e d  wi tho ut  appar e nt 

penalty  dur ing rep rod uc t io n .  

Inac t i v i ty pat terns i n  many spec ies were r e v iewed b y  Herber s 

( 1 98 1  ) ,  wh o mode l le d  the o u tcomes o f  a sa t i sf ic i ng s t r a tegy o f  

fora g ing i n  w h i c h  an a n i ma l  i n i t ia tes forag ing w hen i t  

perce i v es h unge r and ceas es when i t  becomes sa t ia te d .  Such a 

s t r a tegy r esu lts i n  a pote n t i a l  for ' la z iness ' ,  which  she 

d e f ined as per iod s  of  func t ion l es s  inac t i v i ty .  I t  was 

sugges ted ( Et t inge r and K ing 1 9 8 0 ,  Herb e r s  1 9 8 1 ) tha t  laz iness 

ma y no t o n ly i nh i b i t  en e rg y  expend i tu r e  a n d  stre tc h out the 

i n te rv a l s  be tween fe ed ing per i o d s ,  b u t  a lso prov ide a b uffer 

t i me to  be ut i l ized w hen r eso ur c es a r e  low o r  me t abo l i c  

demands h ig h .  

Other exp lanat ions fo r long  per iods  of  i n ac t i v i ty a r e  tha t 

pre dr:t t io n  pressure h a s  forced  a n i ma l s to l e ng th e n  r es t i ng 

t i mes t h e r e b y  r e d u c i n g  v is i b i l i ty ( B i e denweg 1 9 8 3 ) ,  or tha t  

r es t i ng t i me i s  sub j e c t  to  phys io l og ical  cons t ra i n t s  ( in l arge 

ma mma ls , Duncan 1 9 8 0 ) .  
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After i n ve s t igat ing the r e la t ionsh i p  between terr i t ory s i z e  

a n d  qua l i ty a n d  group s i ze i n  a Br i sbane magp i e  p opu la t io n ,  

H u g he s  ( �t a l )  ( 1 9 8 3 ) conc luded tha t ma g p ies  rna y b e  max i m i s ing 

the ir energ y i n t ak e  r e la t i ve  to th e costs of de fend ing a 

terr i t ory . Schoener ( 1 9 83 ) r e c ognised t wo ty pes o f  ene rgy 

ma x i m i z er s ;  those whose energ y i n tak e i s  l i mi te d  by the t o t a l  

t i me ava i l ab le for feed i ng , and t hos e whos e ene rgy in t ake i s  

l i m i te d by food sa t ia t ion ( i . e . process ing constra in ts ) . 

S i nce the magp i e  t i me b u dge t s  d e scr i bed here i nc l ude la rge 

amo un ts o f  i na c t i v i ty ,  the forme r s ty l e  o f  energ y-max i m i z ing 

terr i t or ia l i ty can be d i scoun te d .  I f  magp ies  a r e  indeed 

energ y-max i m i z i ng terr i tory holder s ,  then the y  mu s t  b e  

cons t ra ined by food p r oc ess i ng r equ i r e men t s .  ( I n ter es t i ng l y ,  

th i s  i s  a lso c ons i s te n t  wi th a sa t i s f i c ing for ag ing stra t e gy ) .  

The cos t s  o f  ter r i t o ry de fence for magp i es may be ex pected to  

r e l a te to  in truder pressure , espec i a l l y  fr om the noma d i c  

phas e .  I f  so ng i s  bo th a n  ene rge t ical ly che ap and e f fec t i ve 

me ans o f  i nh ib i t ing i n t ru s i o n  ( see for ex amp le Wa s s erman 

1 9 82 ) ,  and if e f fec t i v e  p hy s ical  de fens e d epends o n  the 

sh or t e s t  f l i g h t  d i s t ance fr om surv e i l lanc e post t o  b o undary , 

then magp i es shou l d  de fend appr ox i ma te l y  c ir c u lar ter r i t o r i es 

cen tered on  the song and look - o u t  p osts . A c ir cular  area a lso 

has the p r oper ty o f  i n cr eas i ng in  s ize w i th a r e l a t i ve l y  

sma ller ( sq uare roo t ) i n c r ease in  per i me te r .  I f  i n tru der 

pres sure i n creases wi th per i me te r ,  t hen th e cos t s  of de fend i ng 

such a c ir cular te r r i t ory decelerate a s  area increas es . 

Exam inat ion of F i gure 2 . c  conf i rms tha t  the la rger ter r i tor i e s  
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a t  L i n ton were r o ughly c ir cular  i n  shap e .  

W i th th i s  i n  m in d ,  t h e  e f fect s on  feed ing t i me ,  de fe nce t i me 

and op t i ma l  te r r i tory s iz e  of s evera l  e n v ir onme n t a l  changes 

for ene rgy- max i m i z i ng ter r i t o ry ho lder s wi th food proc ess i ng 

cons tra i n ts and costs which  a r e  l i near or  d e c e le r a te w i th a rea 

ma y  be  summa r i se d .  The pred i c t ions l i s te d  o n  T ab l e  4 . g  have 

been c omp i le d  fr om S ch oener ( 1 9 8 3 ) . T i me spen t fe ed ing by 

ene rgy max i m i z er s cannot be i n f lu e nc e d  b y  e nv iro nmen ta l 

cha n ge , b u t  de fe nce t i me and op t i ma l ter r i tory s iz e  ma y 

chan ge . 

F r om these mode l p red i c t io ns ,  i t  m i g h t  b e  ex pec te d that  mag p ie 

per ch i ng t i me f luc tua ted i n  re l a t ion to de fence t i me .  T i me 

sp en t inac t i v e  and perch ing ma y have oper a t e d  r a ther l i k e  a 

bank balanc e  wh ich i s  d rawn on i n  eme rgenc ies . Th i s  po i nt i s  

r e tu rned to b e lo w .  The hy pothes is  tha t  mag p ie s  a r e  

ene rgy- max i m i z i ng ter r i t o ry ho l der s w i th proc ess i ng 

cons tra i n ts sh ould be te s te d  by ex per i me n ta l  man i p ul a t ions 

wh ich m i m i c  the env iro nmenta l changes l is te d  on T ab l e  4 . g . 

The v ar ie ty of soc ia l un i t s in vo l v e d  in  the de fence o f  

terr i t or i es in  t he L inton s tudy area was d oc u men ted i n  s e c t ion 

4 . 2 . 4 .  There wer e  no d i f ferences in the s i z es of terr i tor ies  

de fende d by pa i r s  and gr o up s .  T he consequ enc es o f  

te r r i tor ia l i ty for i n d i v i d u a l  ma g p ies have no t been cons idered  

be fore and rnu s t  va r y  accord ing to  the ' l i fes ty le ' o f  th e b i r d .  

The word l i fes ty le has been used e x p l i c i t ly befo r e  ( Verb eek 
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TABLE 4 . g  

T i me budget and  terri tory s i ze c hanges predi cted 
by Sc hoener ' s  ( 1983 ) model of energy-maxi mi s i ng 

terri tory hol ders wi th process i ng constra i nts 

Feed i ng Defense  Opti ma l  
t ime t ime s i ze 

I ncrea se i n  food no c hange decrease  decrease  dens i ty 

i nc rea se  

ty 

I ncrea se  i n  
i ntruder rate no c hange or no c hange 

decrease 

I nc rease i n  food i ncrea se 
dens i ty and i ncrea se no c ha nge or decrease  
i n  i ntruder rate decrease  

I ncrea se  i n  i ntruder 
rate a nd decrease  no  c ha nge i nc rease i nc rea se 
i n  food dens i ty 
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1 972 , B ekof f a n d  We l l s 1 98 1 ) b u t  w i tho u t  de f i n i t io n ,  when 

desc r i b ing one of severa l  a lt e r n a t ive  modes of  

behav iour wi th i n a spec i es or p opu lat io n .  

soc ia l 

O ther 

i n te r- i n d i v idual compa r i so n s  have fo cussed o n  so c ia l  prof i les 

( for cows , Ar no l d  and Grass i a  1 9 83 ) , per sona l i ty prof i l es  ( for 

e lan d ,  K i ley - Wo r t h in g ton 1 9 7 8 ) ,  so c ia l  strategies  ( fo r  I ber i a n  

wo l v e s ,  C o l menar es 1 98 3 ) , and ro l es ( for p r i ma tes , Gar t la n  

1 9 6 8 ) ,  wi t h  a s im i la r  a i m i f  no t s i mi la r  me an ing s.  L i fe s ty le 

a s  used i n  th i s  s tudy re fe r s  to a n  i n s t a n taneo u s  sub s e t  o f  

response l i k e l i h oods to phy s i c a l  and soc ia l  s t imu l i , 

charac te r is i ng d i f fer e nc es be t ween magp ies wh ich a r e  more 

ge n e r a l  than i n d iv idual  d i fferences b u t  w h i c h a re no t shared 

by t h e  whole p opu la t io n .  

Fo ur l i fe s ty les wer e d is t ingu ished i n  the L i n ton ma g p ie 

p opu lat io n .  They were f l oc k i ng ,  mo n ogamous - pa i r  

terr i tor ia l i ty ,  non-k in  g roup ter r i tor i a lty and k in - g roup 

ter r i tor ia l i ty .  I t  i s  s t r essed here tha t n o  i n for ma t ion ab ou t 

the gen e t ic re latedness of  adu lt flo c k  b ir d s  was av a i lab le 

dur i ng th i s  s tudy , and non- k i n gro ups we re s i mp l y  i n fer r e d .  

Carr i c k  ( 1 97 2 )  desc r i b ed l i fe-h is tor ies  o f  i n d i v id ua l  ma gp ies 

who exper ienced s e veral  cha nges of soc ia l c ir c umstanc e  w i th out 

d isper s i ng mor e  than a k i lome tre fr om the i r Q a t a l  terr i tor i e s ,  

so re l a te d  adu lts cou ld b e  de fend i ng �e r r i tor i es t oge the r .  

D i f ferences i n  l i fes ty le ma y b e  exam i n e d  o n  an � post ior i 

bas i s  i n  two way s .  F i r s t ,  ind iv idua l s  exh i b i t 

t i me - b udge ts w h ich characte r i s e  the i r l i fes ty les and the 
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soc i a l  r o l es p layed  w i t h in t h e m .  I t  was p o i n te d  ou t by 

Verbeek ( 1 9 7 2 )  tha t the amo u n t  o f  t i me ex pende d in vario us 

a c t i v i t i es d epends on d i f ferenc es in l i fes ty l e  us we l l  as body 

s i z e ,  food av a i lab i l i ty and phy s i c a l  f a c tor s such a s  amb ien t 

tempera t ur e .  T i me b udge t  and soc ia l sy s tem were l i nke d  by 

Duncan ( 1 9 8 0 ) .  

The la rges t  i n te r- i n d iv idual  d i f ferenc es i n  forag ing beha v io ur 

r e f l e c te d  the t i me const ra i n t s  on  two i nc uba t i ng fema l es in 

terr i tor ies [ 0 6 ]  and [ 0 8 ] .  ( The hen i n  ter r i tory [ 0 1 ] 

exper i e nc e d  de lays in breed i ng due to  human and s torm 

i n te r ferenc e ,  and even tually  renes ted for the th ird  t i me in 

S ep t e mber 1 97 9  a fter th e t i me b u d ge t  s tudy was c omp le te d ) . 

There wer e  no d i fferences b e tween pa ir and group a d u l t s  i n  the 

tota l t i me spen t forag i ng e a ch mon th and t i me . 

The three group- terr i tory ma les per ched for s ign i f icantly  less 

t i me t ha n  the two pa ir - ter r i t ory ma l e s ,  and there was a 

sugge s t io n  tha t  t he group- t e rr i tory fema le fo l lowed that  

t r en d .  I f  per ch i ng t i me was  a buf fer i ng r eso urc e ,  then 

terr i tory de fen c e  d i fferenc es would a lso b e  ex pec te d .  

The d i scov e ry t hat the gro up- terri t ory adu l t s  spen t 

s i g n i f i c an tl y  mor e  t i me d e fend ing the ir terr i tory than t h e i r  

p a i r - ter r i t o ry coun te rpa r t s  suppor ted t h e  hypo thes i s  that 

per ch ing t i me represented a pool o f  i n a c t iv i ty tha t  could be 

d rawn on for ter r i tory de fens e .  
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Alth ough i n d i v iduals d is t r i b ute d the ir an t i p reda tor , soc i a l  

a n d  p lay behav iour d i f ferent l y ,  n o  charac te r i s t i c  pa t te r ns 

eme rge d .  A l l  thes e a c t i v i t ie s  occ up ied  s ma ll a mo unts o f  t i me 

re lat i ve t o  perch i ng .  Mar t in ( 1 9 82 ) es t i mated  th e ene rg y  c os t  

o f  p l a y  a t  between 2 . 5  and 1 0 % o f  the total  da i ly energy 

b ud ge t  i n  mam ma l s  and sugges te d that the i nc i denc e  of p l ay 

could prov ide a s ens i t i v e  index o f  p re v a i l ing c ond i t io n s .  

A l though p la y  was abs e n t  fr om th e r ecorded t i me b ud ge t  from 

terr i tory [ 0 6 ] , the b ir d s  in that te r r i tory wer e  ob ser v e d  to 

p la y  on  ot he r o c c as ion s .  I n  [ 08 ] , group me mbers p l ayed 

toge th er in  O c tober and November when th e pa i r - t e r r i tory 

adu l t s  were i n vo l ve d  wi th  feed i ng n e s t l i ng s  and j u veni l e s .  

Whereas so c ia l  p l a y  in  pa ir - t e r r i tor i es l i k e  [ 0 1 ] and [ 0 6 ]  

u sua l l y  invo lved a d u l t s  and the i r  o f f sp r i ng ,  p la y  i n  gro ups 

took the form of  non-aggres s i ve soc ia l i n te r a c t ions be tween 

a l l  gro u p  me mbe r s  and may have had a ro le in ma inta in i ng gro up 

cohe s io n .  The d e v e lopme n t  o f  so c ia l  a nd ob j e c t  p la y  i n  yo ung 

magp i es has been d e scr ibed b y  Pe l l i s ( 1 9 8 1  , 1 98 1 ) .  

D i f ferenc es i n  r ep roduc t i v e behav io ur cha ra c te r i s ed the b road 

d i f ferenc es in  par en ta l  inves t men t by ma le s  and fe ma l es . No 

breed ing ass i s tanc e wa s g i ven by y o ung of p re v i o u s  years but 

rare i nc idenc es o f. he lp  from a du l t  gro up - ma t e s  wer e  recorde d .  

Wh i le the s i rig le inc idence o f  fema le a id ma y ha ve been a case 

o f  m i sd i r ec ted pa r enta l care ( s i m i la r  to t h a t obse rved i n  

Darw i n ' s  f i nches by Pr i c e  e t  a l  ( 1 9 8 3 ) ) ,  t h e  in vo l v eme n t  of  

two ma le s w i th an i n c ubat ing hen ma y r e f le c t  unc erta i n ty o f  

pa ter n i ty .  Jos te e t  a l  ( 1 982 ) fo und a c orre l a t io n be tween the 
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amo un t  o f  parental care and c onf idence o f  patern i ty for a t r i o  

o f  a cor n wood pec k e r s .  

The t i me b udge t s tudy demonstrated  tha t there wer e  l i fes ty le 

d i f fer enc es i n  per ch i ng and de fence act iv i t i e s ,  suc h  tha t  the 

group- t e r r i tory b ir d s  under ob serv at ion incurred  a h ig he r  

d e  fe nc e  cost  wh ich reduc e d  inact i v i ty .  A s  wel l ,  

per i me te r-dependen t costs o f  d e fend ing a c ir cle decreas e  a s  

the a r e a  i n cr e as es s o  t h a t  t h e  de fe nce e f for t pe r ind i v idua l 

ma gp ie  ma y decr eas e w i t h  an incr e as e  in  th e s iz e  of the  

terr i t ory . I n i t ia l  r es i s ta nc e  a t  the per i me te r  o f  a de fended 

area ma y only be  over come by th e coop era t i ve e ffor t s  o f  a 

group o f  b i r d s .  Gro up ter r i tor ia l i ty s e emed t o  b e  a mechan i sm 

for a t ta in i n g  te r r i tor i a l  s t a tu s  and e ven tu ally a ' favo urab le ' 

t i me b u dge t by ind iv idual magp i e s .  O nc e  es t ab l i she d ,  gro up 

i nd i v iduals c omp e te amo ng st 

oppor tun i t i e s .  

thems elves for rep roduc t i v e  

The u lt i ma t e  fe a t u re w h i c h  d is t ingu ishes ·l i fes ty l e  d i f fe renc es 

i s  r eproduc t io n . The a l ternat ive a pproach t o  c ompr ehend i ng 

the cons equences o f  i n d iv idual d i ffe r en c es in  l i fe s ty l e  i s  t o  

inv es t igate  the r epr od uc t i v e  o u tp u t  o f  b i rds in  re l a t ion t o  

the i r  soc i a l  behav io ur .  Th i s  p roblem i s  addressed in  Cha p te r  

F iv e .  
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--------- -----

CHAPTER FIVE 

R eproduct ion in t he L i nton Popu l a t ion 

5 . 0 . 0  Introduction 

The problem o f  reconc i l ing i n d i v idual and group i n te r e s t s  i s  

not un i q ue to magp i e s .  Zahav i ( 1 9 76 ) w r o t e ,  " The l i fe o f  an 

i n d i v idual  group- b reed ing Bab b ler is gov e r ned by two op p o s i ng 

de mands ;  i t  mus t  col l aborate w i th i t s  group me mb e r s  i n  o rder 

to surv ive , and on the other han d  compete w i th other 

ind i v i d ua ls i n  t he gro up to  i n crease i t s own b r eed i ng 

succes s . "  Emlen ( 1 9 8 2 )  ac knowledged tha t so c ia l  compe t i t io n  

ex i s ts i n  a ny s t r uc tur e d  soc ia l un i t ,  a n d  a rgue d t ha t  each  

part i c ipant should adop t behav ioural t ac t i c s  w h i c h  w i ll  

max i m i z e  i ts i nc lus ive f i tnes s .  Pat ter ns o f  i n terac t ion 

between i n d i v i d uals ma y be  ranked on a cont i n uum fr om s el f i sh 

to  a l tr u i s t i c  behav iour ( Vehr encamp 1 97 9 ) '  

correspond ing de c r ease i n  the 

se l ec t io n .  

impor t ance of  

w i th a 

i n d i v idual  

C l a ss i c a ll y ,  the  e f fe c t i venes s of  a behav io ura l s t r a te gy has  

been mea s ur e d  as t he r a te at wh ich the s t r a teg i s t s  genes are 

propagated r e l a t i v e to the genes of  other i n d i v iduals in the 

p opul at ion ; i ts ind iv i dua l f i t n es s  ( Vehre ncam;J 1 97 9 ) . I n  

prac t i c e , ind i v idua l f i tness i .s  me asured a s  l i fe t ime 

r eproduc t i ve success  ( Brown and Brown 1 9 8 1  ) , and an i ma ls a r e  

v iewed a s  behav ing s el f i sh ly to ma x i m i s e th i s  quan t i ty 
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( Da wk i ns 1 9 7 6 ) .  

However , coop era t i ve  soc i a l beha v i o u r  can resu l t  i n  a 

r e d u c t ion of ind i v idua l f i t n es s  ( or l i fe t i me r eprod uc t i v e  

succe�s ) th rough a l t ru i sm ( Rodman 1 9 8 1  ) .  Al t ru ism r e fe r s  t o  

behav iour wh i c h  bene f i ts  ano ther ind i v idua l ( t h e  r ec i p i en t )  at 

a cost to the per forme r ( the  donor ) ,  ( Hami l t on 1 9 6 3 ) ,  and ma y 

occur when t here i s  a h i gh l i kel i hood that t he r ec i p i en t  

shares the de term i n ing genes wi th the donor , or there i s  a 

h i gh l i k e l i hood of l a ter r ec i proca t io n ,  or w hen e co l og i ca l 

constra i n t s  favo ur group l i v ing and the beha v io ur p r omo tes 

group c ohes i on ( Em l e n  1 9 8 1 ) .  

A l t r u i sm towar d s  r e la t i ves ma y have evolved thro ugh k in 

se l e c t i on ( Hami lton 1 9 6 3 ,  West Eberha r d  1 9 75 , M i chod 1 9 8 1  ) ,  

op er a t ing to max i m i z e  an i n d i v i d u a l ' s  i n c l u s i ve f i tnes s .  

I nc l us i ve f i tness i s  the sum o f  a n  i nd i v i d ua l ' s  f i tness and 

the add i t ional f i tness of r e la t i v es de valued by the 

probab i l i ty that the re l a t i v es poss ess the 

( Vehrencamp 1 9 7 9 ) .  He lp ing wi th rep roduc t io n  by 

same genes 

non- b reed ing 

gro u p  members has been rega rded as a t es t  c as e  o f  k in 

s e le c t i o n  ( Br own 1 9 7 4 , 1 9 8 3 ) ,  and a wealth  o f  s tu d ies  

descr i b i ng c oopera t i ve breed i ng i n  b i rds have been p ubl i sh e d  

( re v iewed in  Brown ( 1 9 7 4 )  and Or ing ( 1 98 2 ) ) .  

Spec i es wh i c h  exh i b i t  cooper a t i v e  breed i ng typ i ca l ly suffer 

se vere hab i ta t , ter r i tory or nes t-s i te l i m i t a t ions  ( Emlen 

1 978 ) ,  and have in c ommon the fol l o w i ng demogr aph i c  fe a tu r es : 
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low fec und ity , deferred ma tu r i ty ,  h i g h  surv i v a l  and low 

d i sper sa l  ( Br own 1 9 7 4 ) . He lpers are u sua l ly r e c ru i ted v i a  

r e te n t ion o f  offspr ing , a s  in the Flor i d a  scrub j a y  ( St a l l c up 

and Woo l fenden 1 97 8 ) ,  the yel low-b i l le d  shr i k e  ( Gr i mes 1 9 80 ) 

and the Nor t h wes tern c row ( Verb eek and B u t ler 1 9 8 1 ) .  I n  fa c t ,  

i t  has been pos tu l a te d  t ha t  cooperat i ve breed i ng needs 

cond i t ions o f  h ig h  r a te of j u ven i le recru i tme n t  r e la t i v e  to 

adu l t  mor ta l i ty for i ts evo lut ion ( R i c k l e f s  1 9 75 ) .  

However sa t i s fy ing the demo n s t ra t io n  tha t a lt ru i s t s  a r e  

re l a te d  to the r ec i p ients  of  t he ir a i d ,  o ther exp l an a t ions o f  

the evolu t io n  o f  coop er a t i ve breed ing a r e  emerg ing . Desp i te 

ev i denc e  t ha t  a id i s  appor t ioned re l a t i ve to  t he degree o f  

ge ne t i c r e la t e dness i n  some spec ies ( be l l  mi ner s ,  C la r k e  

( 1 9 84 ) ;  b r own hyena s ,  O wens a n d  Owens ( 1 9 8 4 ) ; vamp i r e ba t s ,  

Wi l k i n so n  ( 1 9 8 4 ) ) ,  mode l l ing stud i e s  have shown that a l t ru i sm 

may spread nonpre fer en t ial l y  amo ng k in ( VJe i ge l  1 9 8 1 , Schul man 

and Rubens te in 1 9 8 3 ) . Arm i tage ( 1 9 8 2 ) fo und that fam i l ia r i ty 

was more i mportant i n  shap i ng ma rmo t soc ia l re l a t io nsh ip s ,  and 

Mur�e et a l  ( 1 9 8 3 ) ob served  s i s ters des troy ing each o th e r s  

egg s  in  t h e  acor n wood pec ker . He lp ing beha v io ur wa s 

cons i dere d se l f i sh by Woo l fenden and F i tzpat r ic k  ( 1 9 7 8 ) ,  

Sta l l c up and Woo l fenden ( 1 9 7 8 ) ,  L i gon ( 1 98 1 , 1 9 8 3 ) , L i gon and 

L i gon ( 1 9 8 3 ) because he lpers ma y rec e i ve d i r ec t  bene f i t s  in 

the form of  ex tende d paren ta l car e ,  improved surv i v a l , or 

o p p o r tunities to i nhe r i t  spa ce for breed i ng ( R ow l ey 1 9 8 1  ) .  

A l t h o ugh freq uen t l y  c i ted as c ooper a t ive  breede r s  ( Cr ook 1 965 ,  

132 



H owley 1 97 6 , Dow 1 980 , Koe n i g  and P i te l k a  1 9 8 1  ) , magp i es d i d 

not he lp at the nest in the L i n ton pop u l a t ion ( se e s ec t ion 

4 . 2 . 8 ) .  In  a r e v i e w  of  int ra spec i f i c  v a r i a t i o n s  in  par ental  

care an d ma t i ng sy stems , L o t t  ( 1 9 8 4 )  wrongly iden t i f ie d  

magp i es a s  a l tern a te l y  terr i t or i a l  o r  colon ia l .  Whi le i t  i s  

true  tha t some ma gp ies shared  group- de fen de d t e r r i tor i e s  and 

ot her s were nonterr i t or ia l ,  the evo l u t ionary s i gn i f i cance of 

each mag p i e  l i f e s t y l e  has not y e t  been d i scov er e d . Indee d , 

" re la t i ve ly l i t t l e  cons i derat ion has been g i v en t o  the e f fec t s  

o f  group l i v ing on i n d iv idual r ep roduc t i v e suc c es s  " ( Sta cey 

1 9 82 ) .  

Th i s  cha pter i n ve s t i ga tes the rep roduc t i ve success o f  ma g p ie s  

i n  d i f ferent l i f e s ty l es ( " p ur su i ng d i f ferent 

s trate g i e s "  Vehrencamp 1 9 7 9 ) ,  and ex ami n es the 

no nbreed i ng gro u p  members in  L inton ter ri t o r i e s . 

5 . 1 . 0  Methods 

5 . 1 . 1 Sea r ch ing for n es ts .  

soc i a l  

role of 

Bree d i n g  hens began to  cons t ruc t t he ir nests in  early J u ne 

each year . The n es ts were loca ted by  d ir e c t  obs e rvat ion of  

bu i l d ing behav io ur ,  or by  fo llowi ng the bold approaches of  

adu l ts a s  t hey pr ov i s ioned n es t l i ng s .  I n  cont ras t ,  

sub ord inate hens in group- d e fen de d terr i t or i e s  nes t e d  

cryp t i ca l l y ,  nec ess i ta t i ng care ful surve i l l anc e .  
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5 . 1 . 2 E xami n a t i on o f  nes t conten t s . 

Whenever poss i b l e ,  nes t s  were approached by c l i mb i ng and 

exami ned d ir e c t l y . S i n c e  mo st nes ts wer e b u i l t  a t  the o uter 

ends of s l i m  upper b r anches , a po le- mo un ted m i rror was 

employ ed to fac i l i t ate ex ami n a t io n  o f  the contents of the deep 

n es t  bow l s  ( s e e  P l a t e  5 . a ) . 

5 . 1 . 3 Mon i tor ing breed ing progres s .  

The s tudy area was t r aversed fr equ ent ly throughou t  the 

spring t i me ,  and obser v a t ions of breed ing ac t i v i ty and changes 

in group s i z e  were en tere d onto n es t  record c ard s .  

5 . 1 . 4 Annua l censu s .  

Each Jan uary the s t u d y  area was censu sed so tha t  a l l  

ter r i tor i es were scanned for occ upan t s , a n d  t h e  nonter r i tor i a l  

fl o c k  wa s coun te d .  The resu l t s  of  thes e counts forme d the 

bas i s  of the produc t i v i ty ana lys i s .  

5 . 2 . 0  Results 

5 . 2 . 1 C lu tch S i z e s .  

I n  Spring 1 9 7 9 ,  8 nes ts i n  the s tu d y  area were exami n e d  a t  

l e a s t  onc e ,  al l o w i ng 4 c l u tches t o  be coun te d .  T h e  mean 

c l u tch s i z e  was 3 . 5 ( n= 4 ,  ran ge 3 - 4 ) .  Two o f  the nests ( one 
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PLATE 5 . a .  Po l e-mounted mi rror used to v i ew magpi e 

nest conten ts . 





conta i n i ng a part l y  i nc uba te d c l u tc h )  were abandone d by t he 

hens in  r esponse to repeated human v i s i ts .  Both fema les 

r en es ted , b u t  one of t h e  new n es t s  ( conta i n i ng e gg s ) wa s b lown 

o ut dur ing a s torm and the fema le b u i l t  a th ird  nes t .  

Rat her than r i sk further r eprod uc t i ve de lay s t hrough human 

i n terfe r enc e , it wa s de c id e d  to  an aly se the samp le of c lu tch 

s i z es col l ec te d  by the  Or n i tho l og i cal Soc ie ty of  N e w  Zea l an d ,  

thro ugh the So c i e ty ' s  Nes t R e c ords S cheme . O f  the 9 0  ca rds 

rece i ved for ana lys i s ,  73  y ie l de d  use ful i n forma t io n .  

The me an North I s land c l u tc h  s i z e  for w h i t e-backed ma g p i e s  was 

3 . 5 ± 1  . 5  eggs ( n= 3 1 , ran ge 2- 5 ,  1 9 55 - 1 9 8 1 ) ,  an d the me an South 

I s land c l u tch s i z e  wa s also 3 . 5  ± 1 . 5  ( n= 23 , range 2 - 5 , 

1 9 5 8- 1 9 8 1 ) .  The me an nat ional c l u tch s i z e  was 3 . 5  ± 1  . 5  e gg s .  

I n  a l l  samp l e s ,  t h e  med ian value  wa s 4 . 0 .  

5 . 2 . 2  Nes t l i ng and F l e dg l i ng Surv i v al . 

1 6  o f  t he nest  r ecord cards wer e suff ic i en t l y  compreh e n s i v e  

for a n  ana ly s i s  o f  nes tl i ng mor t a l i ty .  A t otal  o f  6 0  eggs 

wer e reduced  to 41  n es t l i ng s ,  so tha t a mor ta l i ty es t i ma te o f  

3 2 %  was ob t a i n e d  for tha t s tage . Of 1 7  nes tl i ng s  cou n t e d  i n  7 

n es t s  ( 4  N I ; 3SI ) ,  on l y  9 ( 53% ) f l e d ge d ,  yei ld i ng a mor ta l i ty 

es t i ma te of 4 7 %  for th e f l e dg i n g  tran s i t io n .  Overal l , onl y  

1 5 % of t he eggs surv i v e d  to  t h e  fle dgl i ng s tage . 

When c lu tch s i z e  was r e l a t e d  t o  nes t l i n g  number for each of  
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t he 1 6  n es t s  samp l e d  as shown on T ab l e  5 . a ,  i t  was fo und that 

4 - e gg c lu tches comp r i s ed 5 6 % of the samp le , and tha t 2 7  of  the 

4 1  n es t l i ng s  ( 6 6% ) came fr om 4-egg c l u tch e s .  

5 . 2 . 3  Rep rod uc t io n  i n  P a i r - a n d  Group-De fended Terr i tor i e s .  

I n  tota l ,  7 2  nes t i ng even ts wer e  mo n i tor e d  be tween S p r i ng 1 9 7 8  

and Summer 1 9 82 ( T ab l e  5 . b ) . O f  th i s  samp l e ,  4 6  ( 6 4 % ) events 

i n volved hens i n  group- de fende d terr i tor i es , wh ich c ompri s ed 

7 0% o f  the terr i t or i es in the s tud y area ( s e e  s e c t ion 4 . 2 . 4 ) .  

Produc t i v i ty wa s me asured  as the number of free-f l y ing 

j u ven i l es ( A ge C la s s  Thr e e )  pres ent  in  t he ter r i tory the 

fo l low i ng Jan uary . I t  wa s assume d  tha t only one fema le 

succ es s fu l l y  r eprod uce d dur i ng each gro up- ter r i to ry bree d i ng 

even t ,  b u t  the assump t ion ma y have been v io la t e d  in 2 cas es . 

Ther e was no s i gn i f i c an t  var iat ion i n  prod uc t i v i ty from year 

to year dur ing the s tudy ( Kr u sk a l- Wa l l i s  H = 5 . 2 3 ,  n= 4 ,  P<0 . 05 ) .  

I t  wa s poss i b le to es t i ma te egg-to - f l e dg l i ng succ es s  from 

k nowle dge of  the average na t io na l  c lutch s i z e ,  the number of 

n es t  at temp t s  i n  the s tudy area and the f inal number o f  

j u ven i les  fledge d .  I f  an average c lu tc h  s i z e  o f  3 . 5  e gg s  i s  

assu med for a l l  n es t s  and a l l  years a t  L i nto n ,  then a n  

est i ma t e d  2 3 8  eggs gave r i s e  to 9 0  fle dge d magp ie s , 3 8 %  o f  the 

to ta l poss i b l e . There was no d i f ferenc e  b e t w e e n  pa ir- and 

group-de fende d terr i tor i e s  ( see Tab le 5 . c ) ,  unde r th e 

assump t ion tha t t here was on l y  one hen breed i ng i n  each of  the 

gro up- de fende d terr i tor i e s . 
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TABLE  5 . a  

Nestl i ng number counted from c l utches  of  known s i ze 

Number of  Number of eggs 
nes tl i ngs  2 3 4 5 

1 0 2 0 0 

2 1 1 3 1 

3 0 1 3 1 

4 0 0 3 0 

Tota l 2 7 27 5 4 1  

Data from OSOC NZ Nest  Record Scheme 
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TABLE  5 . b  

Product ion  of ju ven i l es by breed i ng fema l e magp i es  

Year 
1978 1979 1980 1981 

n 19  21  20 12 
-

X 1 . 6  1 . 4 0 . 9  1 . 4 

med i a n  2 . 0  1 . 0 1 . 0  1 . 5  

s 1 . 0 0 . 9  0 . 9  0 . 6  

S-X 0 . 2  0 . 2  0 . 2  0 . 2 

max 4 . 0  4 . 0  3 . 0  2 . 0  

mi n 0 0 0 0 



TABLE  5 . c  

Fl edgl i ng success est ima ted from 
c l u tc h  s i zes of 3 . 5  

n 

eggs 

fl edgl i ngs  

% success  

Pa i rs Groups  Tota l 

2 2  

77 
28 

36 . 0  

46 68 

1 6 1  238 

62  90  

38 . 5  38 . 0  
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Compari son of prod uc t ion by  fema les in p a i r - a n d  

gro up- de fended ter r i tor i es ( T ab l e  5 . d )  sh owe d that ther e was 

no d i f ference in th e i r  rep roduc t i v e  per formanc e  

Mann- wn i  tn ey tes t ) . 

( P > 0 . 05 ,  

However , when the same produc t i v i ty data wer e analy sed on a 

per -��E.�!:.� bas i s  us i ng t h e  Mann- Wh i tn ey- W i l c ox o n  t es t ,  pa i r e d  

ind iv i d uals wer e fou nd to hav e  a s i gn i f icantly  h ig he r  

prod uc t i v i ty t han ind iv i d ua l s  l i v i ng i n  gro up s  ( P = 0 . 0 3 , T ab l e  

5 .  e )  • 

The results  o f  4 6  bree d i ng e ven ts in group-de fended 

ter r i t or i es are  summar i se d  on  Table 5 . f .  One - ha l f  of th i s  

sample was from terr i tor i e s  de fended b y  tr i o s  ( two ma les and 

one fema le ;  one ma l e  and two fema l es ;  one ma l e ,  one fema l e ,  

one b ird  of unk nown s ex ) , wh i c h  p roduced 5 8 %  of the j u ven i le s . 

The r e ma inder wer e samp led fr om ter r i tor i es de fended by gro up s  

of 4 ,  5 and 6 ma gp ies . Of  a l l  the group- terr i tory e ven ts 

samp le d ,  26% were u n successfu l , 3 0% l e d  to the prod u c t ion of 1 

j uv en i le and 2 8 %  l e d  t o  the produc t i o n  o f  2 j u ve n i les . 

A Kru ska l-Wa l l i s  t es t  of t h e  e f fe c t  o f  gro up s ize on 

produc t i v i ty fa i le d  to r ej e c t  the null  hypothes i s  of no 

d i f ferenc e .  

5 . 3 . 0 Discussion 

The s i mi lar i ty be tween th e aver age c lu tch s i z es at L i n ton and 
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TABLE  S . d  

Fema l e producti v i ty i n  pa i r- and 
group-defended terri tor ie s  

Pa i rs Groups 

n 2 5  47  
-

X 1 . 3 1 . 4 

med i a n  1 . 0  1 . 0  

s 0 . 7  1 . 05 

S-X 0 . 1  0 . 1  

max 2 . 0  4 . 0  

mi n 0 0 
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TABLE  5 . e  

Producti on  per capita by adu l ts i n  pa i r­
and group-defended terri tori es 

Pa i rs Group s  

n 22  46  
-

X 0 . 6  0 . 4 

med i a n  0 . 5 0 . 3  

s 0 . 4  0 . 3  

S-X 0 . 1  0 . 05 

max 1 . 0 1 . 3  

mi n 0 0 
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TABLE  5 . f  

Number of  j uveni l e  magpi es fl edged 
i n  groups of  vari ous s i zes 

Number of Group s i ze 
Fl edgl i ngs 3 4 5 6 

0 5 5 1 1 

1 6 6 1 1 

2 7 4 2 0 

3 4 1 1 0 

4 1 0 0 0 
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at C a nber ra ( 3 . 5  egg s ,  Car r ic k  ( 1 9 72 ) ) ,  and between the 

Austra l i a n  ( 3 . 3 5 egg s ,  Berggy ( 1 9 8 1 ) u np ub . ) and New Z ealand 

averages v a l i d a te d  compar i sons of produc t i vi ty be tween the two 

popula t i ons . Al th ough in traspec i f ic l a t i tud inal  var i a t io ns in 

c l u tch s i z e  a r e  common ( Owen 1 9 7 7 ) , So u th I s land c l u tches d i d 

no t d i f fer  f r om th e mor e  nor thern c lu tches . 

C lu tch s i z es are t hought to e vo l ve t owards an op t i mu m  

( measured a s  t h e  average ) de ter m i n e d  b y  c lu tch s i z e-dependen t 

s ta rv a t ion and c l u tch s ize- d ependent pre dat ion ( R i c k l e fs 

1 97 7 ) .  Berggy ( 1 9 8 1 , unp ub . ) fo und tha t 4 - e gg c lu tches wer e  

the mos t p r oduct i ve i n  terms o f  n es t l i ng s  ra i se d ,  and d esp i te 

the scan ty da ta , th i s  a lso s eemed to be  true for the 4 - e gg 

c l u tches samp l e d  by N e w  Zea land o r n i tho l og i s t s .  Th i s  

s im i lar i ty i n  average and op t i ma l  Austra l i an and N e w  Zealand 

c lu tc h  s i z es shou l d  be i n v es t iga te d  a l o ng se veral l in es o f  

enq u ir y . The tra i t  ma y be  accounte d for on a l l ome t r i c  

pr i nc i p l es ( Wes tern and Ss emak u l a  1 9 82 ) ,  ma y b e  i n  t he process 

of  chang ing in the New Zealand pop u la t io n ,  or rna y be the 

ou tcome of counte rba l anc e d  changes i n  predat ion 

densi ty- d e p en de n t  food s h or t age s . 

The d i f fer e nce 

v is i te d  a t  

i n  e gg-to- f l e dg l i ng surv i va l  between 

i n terv a ls by oth e r  or n i t holog i sts and 

mon i t ored from a d i s tance at L i nton may r e fl ect  

s en s i t i v i ty to  d i s turbance of  i n c ubat ing ma gp ies . 

fo und d ur i ng th i s  s tudy that n es t s  v i s i te d  dur i ng 

and 

n es t s  

those 

the 

I t  was 

the 

i n c ubat i o n  pha s e  wer e  l i k e ly to b e  aban doned by the hen s .  
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Hens i n  the L i nton s tu d y  are a  wer e 7 0% mor e  prod uc t i ve t han 

those stud i e d  at  Canberra ( Ca rr i c k  1 9 7 2 ) . Sinc e c lu tc h  s i z es 

were not d i f feren t ,  t he greater prod uc t i v i ty at L inton 

rep res en te d  better f l e dg ing per forma nc e . Rea so ns fo r i mp r ov e d  

produc t i v i ty were d i sc ussed i n  s ec t io n  2 . 3 . 0 .  

A c ommo n theme i n  s tu d ies o f  cooper a t i ve l y  breed ing spec ies 

has been the q u es t io n ,  d o  he lpers he l p? ( Em l e n  1 97 8 , Verb e e k  

a n d  B u t l e r  1 9 8 1  , Brown e t  a l  1 9 82 , D y e r  1 9 8 3 ) . As Brown 

( 1 98 3 )  pointed  o u t ,  helpers  mu st  me asurab ly a ffec t the d ir e c t  

f i tness o f  the r ec ip ien t be fore i nd i r ec t ( k i n )  s e l ec t io n  can 

be in vo k e d .  ( However , i f  t h e  beha v iour i s  n o t  a lt r u i s t ic  the 

r o l e  of  i nd i r e c t  f i tn es s  canno t b e  r e j e c t e d ) .  

Her e , rep rod uc t i v e  success per  b re e d ing e f fo r t  i s  u s ed as an 

index of d ir e c t  f i tness  b u t  as Vehr e ncamp ( 1 97 9 ) has a rgue d ,  

only l i fe t i me rep roduc t i v e success 

d ir e c t  f i tnes s . In  th e ab senc e 

l e g i t i ma t e ly 

of  l i fe t i me 

ap prox ima tes 

data from 

ind iv idua l l y ident i f ie d  mag p i e s ,  the produc t i v i ty of  fema le s  

samp led at  L i n ton wa s u s ed perfo r ce as an ins tan tan eous 

es t i ma t e  of l i fe t i me r eproduc t i ve  suc cess . 

The pres enc e o f  poten t ia l  he lper s  i n  the te r r i tor i e s  de fende d 

by gro ups of  magp i es d i d not inf luenc e  the prod uc t i v i t y o f  

b reed ing hens i n  those terr i t or i es . Parenta l ca re i n  ma g p ie s  

L s  unequ i voca l l y  the r e spons ib i l i ty of  t he 

monogamo us pa ir  w i th in th e te r r i tory ( in the s en s e  

func t iona l l y 

of S t a c ey 

( 1 9 82 ) ) ,  and th i s  exp la i ns t he lac k o f  d i f fer e nc e  between the 
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p rod uc t i v i ty o f  hens l i v ing i n  pa i r - d e fended terr i tor i e s  and 

those in  gro up- de fende d ter r i tor i e s . 

N o t  only d id mag p ie e x tras ha v e  no detec tab le  e ffe c t  on the 

r eproduc t i ve ou tput o f  b r ee d i ng pa i r s ,  but cond i t ions 

favour ing a i d - g i v ing wer e  a b s en t .  Cha rnov ( 1 9 8 1 ) demo ns t rated 

t h a t  b i par ental car e s e l ec t s  aga inst  he lper s ,  even when 

pote n t i a lly  he lp ing to  r a i s e  f u l l  s i b l i ng s ,  un t i l  the penalty 

for l e av i ng home in  terms o f  m i ss e d  r eproduc t i ve oppor tun i t i es 

drop s below 0 . 5 .  I t  was sh ow n  i n  Cha pters Two and Three tha t  

j u veni l e  d i sper sa l  a t  L i nton d i d not lead t o  decreased 

surv i v al . As Ko en i g  and Pi t e l k a  ( 1 9 8 1 ) hav e s t a t e d ,  th e 

r eproduc t i ve r a te o f  groups o n  a per c ap i ta bas i s  mus t b e  

h igher than t ha t  o f  pa i r s  be fore t h e  pr es e nc e  of  aux i l i a r i e s  

incr eas es t h e  i n c l u s i v e  f i tness of  he lpers o r  b reede r s ,  a s  

long a s  d i sp e r sa l  a n d  b r e ed i ng e ls ewhere i s  pos s i b l e .  

Produc t i v i ty per cap i ta was s ig n i f i c an t l y  lower for 

group- t err i tory ma g p i e s  a t  L i n ton . 

Why d id breeders wi th in gro up- de fended ter r i tor ies t o l e r a t e  

t h e  pres enc e  o f  e x tr a s , when e x tra b ir d s  d i d  n o t  i mp r ov e  th e ir 

r eprod uc t i ve suc c es s  and were not  n e c es sa r i ly k in ?  ( N o t e  that 

the term ' au x i l i a ry '  a s  de f i n e d  by Dow ( 1 9 80 ) cannot b e  u sed 

wi th r espe c t  t o  magp i e  group member s ,  s i nce no nb r eed i ng g r ou p  

b ir ds d id n o t  h e l p  at t he n es t .  The word ' ex tra ' r e fe r s  to  

nonbree d i ng and non-a id-g iv i ng group b i rds wh ich d i d c ooper a t e  

in  terr i tory de fenc e ) . So f a r , t h e  only poss i ble answer t o  

t h e  q u es t ion i s  t h a t  ext ra b i rds w e r e  r equ ired f o r  the i r  
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contr i b u t io n  t o  terr i t or ia l  d e fe nc e ,  as  descr i b ed i n  s ec t i o n  

4 . 3 . 0 .  Th i s  cont r ibut ion to the group e f fort ma y be  tho u gh t  

o f  a s  ' b ir d power ' ,  analogous to terms l i k e  manp ower and 

hors epower . In  t h e  case of  re late d  o f f sp r i ng ,  re tent i o n  i n  

the fami ly  ter r i t ory may g i ve r i s e  t o  the opportu n i ty to b ud 

o f f  a new ter r i t o ry l a t e r . 

Why d id nonb reede r s  l i v e i n  terr i tor i e s  whe r e  they were 

preve n te d  from breed i ng? Koen i g  ( 1 9 8 1 ) sugges ted that 

i n d iv i d uals in coop era t i v e ly breed ing spec ies  for w h i c h  group 

prod uc t i v i ty i s  no gr e a te r  than pa i r  o u tput mus t be " for ced"  

to  accep t the  op t i o n  o f  group l i v ing i n  or der to ob ta i n  access 

to a loca l i z e d  and l i m i te d  r esour c e  w i th out wh i ch r eproduc t ion 

or surv i vor sh i p  a r e  i mp a ir e d .  The e vo l u t io nary consequen c e s  

o f  e a c h  of t he fo ur magp ie  l i f es ty l es can be  es t i mated v ery 

crude ly by ob ta i n ing the produc t of an an i ma l ' s  per cap i t a 

prod uc t io n ,  and i t s  coeff ic ient  of  re latedness to the 

offsp r ing prod uc e d  ( Vehrencamp 1 9 7 9 ) .  The r e s u l t s  of  such an 

exer c ise  for the L i nton magp i es are shown on Tab l e  5 . g .  I t  

wi l l  be s een tha t  ma gp ies  l i v ing i n  pair -de fende d terr i tor i e s  

had t h e  greates t es t i ma te d  average i nd iv idua l  f i tness a n d  t hat  

rno nog amo us l y - p a i r e d  adults  e f fe c t i vely  lowered  the ir f i tness 

by reta i n i ng o f f spr i n3 i n  t he ter r i tory to form a fam i ly 

group . Alth o ugh both noma d i c  floc k b ir d s  and group- l i v ing 

extras rece ive d  no gen e t i c  bene f i t s ,  the ter r i t or ia l ex t ra s  

were e r e ct  i t e d  wi th e_� _c a p i t a  p rod uc t i v i ty .  Group e x tras 

appeared to ha v e  an oppor t u n i ty to breed in the fu tu r e , 

perhap s  by r ep lac i ng dom inant b i rds  of the same sex or 
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TABLE  5 . g  

Est i ma ted a verage i nd i v i dual fi tness  

L i festyl e r R rR 

fl ock  0 0 0 

non- k i n group 0 0 . 33* 0 

k i n group 0 . 5  0 . 33* 0 . 165 

pa i r  0 . 5  0 . 5t 0 . 250 

where r = coeffi ci ent of rel a tedness 

a nd R = per capi ta producti v i ty per breed­
i ng effort 

* med i a n  of  46 sampl es 

t med i an of 2 2  sampl es 
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ov er com i n g  the i r  aggress i o n  i n  ex cep t io nally  favo urable  

c i rcums tanc e s . The parad ox of  c o opera t ion and compe t i t io n  

w i th in mag p ie groups ma y b e  v i2 wed as t h e  s t ra te g i c  so l u t io n  

o f  ot her w i s e  nomad i c  b i rds  t o  the  pr ob l em o f  f i nd i ng a space 

to  b ree d .  J u s t  wha t resour ce shor t age fuels th e compe t i ton 

rema i ns unk nown .  

I f  reproduc t i v e  oppor t u n i t i e s  wer e  so sc arce i n  the L i n ton 

p opu l a t ion that b i rds wer e for c e d  to  prov i d e  de fenc e 

ass i s tanc e i n  or der to become terr i tor i a l ,  why d i d  yo ung 

magp i es d i sperse a way from the i r  nata l t er r i tor i es?  The r o l e  

of t h e  food supply i n  the de term i n a t i o n  o f  group s i z e  i s  

exam ined i n  the n e x t  c h ap t e r .  
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CHAPTER SII 

Food- A dd i t io n  Expe r i me n t  

6 .  o .o Introduction 

Prev iousl y ,  fo od has been adde d to an i ma l  ter r i tor i e s  wi th the  

aim  of  t es t in g  hy po t h es es abo u t  terr i tory s i z e ,  dens i ty and 

rep rod uc t i v e  success ( Yom-Tov 1 9 7 4 , Ka llander 1 9 7 4 ,  Sm i t h e t  

a l  1 9 8 0 , Fran z b la u  and Co l l i n s  1 9 8 0 , Hbg stedt 1 9 8 1 , Newton and 

Marq u iss 1 9 8 1  ) ,  wi th v ar i a b le res u l t s .  Ewa ld and Rohwer 

( 1 9 82 ) ex tende d food supp l e men tat ion to  the s tudy of  soc i a l  

sy stems b y  suc c es s f u l l y  i nd uc ing polygyny i n  a pop ulat ion of  

red- w i n ge d  blac kb i rd s .  I n  the s tudy r eporte d h er e ,  

pair -de fe nde d ma gp ie terr i tor i e s  wer e suppleme n te d  wi th ex tra 

food for 8 mon ths in order to  i n v es t igate  j u v en i le d i sper sa l  

beha v io ur .  

Norma lly , j u v e n i le mag p ies d i sperse  i n to the no n- ter r i tor i a l  

f loc k a t  t he e n d  of  the i r  f i r s t  yea r , a s  the i r  fe ma l e  parent 

beg ins  her nex t bree d i n g  e f for t  ( see  sec t i o ns 2 . 2 . 2  and 

4 . 2 . 9 ) . A l though t he f loc k l i fes ty le d escr ibed by Carr ic k 

( 1 9 7 2 )  for the Canberra ma gp i e s  led to lower me an mo nth ly 

we ights and r e d uce d surv iva l ,  the s i tua t ion at L i nton wa s not 

as s evere ( see Cha pte r  Three ) . However , an e s t ima t e  of 

av erage ind iv i d ua l f i t n es s  for the f l oc k l i fes ty le at L in t on 

wa s 0 ,  compared wi th 0 . 1 65 for fami ly group members and 0 . 5  

for the  adu lts  o f  a mo nogamo u s  pa i r .  D esp i te th i s ,  and i n  
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sp i te o f  d i r e c t  and i n d i r e c t  bene f i ts from a i d -g i v ing as  an 

a l terna t i v e to d i spe r sa l  d es c r i b e d  for o ther spec i es ( se e  

5 . 1 .  0 , and Em 1 en 1 9 8 1 ) , the maj or i ty of j u ven i le ma g p i e s  

d i sper sed o u t  o f  the i r  natal ter ri t o r i e s . 

S i n c e  the f i n a l  departure o f  the year l i ng b ir d s  c o i n c ide d wi th 

the ha tch i ng of  the n e x t  c ohor t of n es t l i ng s ,  i t  was 

hypoth e s i s ed that a real  or soc ia l l y  i n duced food sh or t age 

p r ec i pa te d  t he t r ans i t ion to a nomad ic  l i f es ty l e .  A 

pred i c t ion a r i s ing fr om th i s  hypot hes i s  was tha t  j u ven i le 

d i sper sa l  should  be  de l a ye d  or i nh ib i te d  under cond i t ions o f  

food a b undan c e .  Accor d ing l y ,  e x tra food wa s added to a sample 

of pa i r - de fended ter r i t or i e s  and the behav iour of  the j u v en i l e  

i nhab i tants compare d  wi th b ir d s  l i v ing in  s im i la r  but 

non- sup p l e men ted ter r i t or i e s .  

6 .  l .  0 Methods 

6 .  1 . 1 Te s t  and control ter r i tor i es . 

I n  J anuary 1 9 82 ,  1 1  te r ri tor i es wh ich wer e de fende d  by a 

ma l e - fe ma l e  pa ir  and w h i c h  conta ined suc c es s fu l l y  fledged  

j uv en i l es ( A ge C l as s Thr e e ) from the 1 9 8 1  spr i ng n es t i ng 

s eason wer e  i d en t i f ie d .  F i v e  o f  th es e ter r i tor i e s  wer e  

r an d anly ass i gned t o  the Test  c a te gory , and s i x became 

Controls . Al t og e the r  the r e  wer e  7 j u v en i les in  th e tes t 

terr i t or i e s , and 8 i n  the contro l s .  I n  a l l , 6 o f  t h e  

terr i tor i e s  wer e loca t e d  o uts i d e  t h e  study area on  other farms 
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at  L i n t o n .  

6 .  1 . 2  De scr i p t i o n  o f  food s t at ions . 

A s i ng l e  wooden po le was er ec te d  in  each of  th e tes t 

terr i tor ies  so tha t i ts fin i sh e d  he ig ht above ground wa s 2 m .  

Four per ches were arranged a t  r i g h t  a ng l es near the t op , a n d  a 

500  ml p la s t i c  c up wi th a per fo r a te d  base wa s hung bes i d e  e a ch 

per c h . A feed i ng s t a t io n  i s  sh own in  P l a t e  6 . a . 

no t placed in  the control terr i tor ies . 

6 . 1 . 3  D escr i p t ion of supp l e men ta ry foo d .  

Po l es were 

From Febru ary 1 9 82 , c h op pe d  d e fr ostea ox heart was de l i vered  

da i ly to  each  t es t  terr i t ory . The d iced me a t  was coated wi th 

cook ing o i l  to  slow de s s i c a t ion , and a v i tamin suppleme n t  and 

ca lc ium powder were spr i n k l e d  over the me at  when t h e  a d u l t s  

beg an prov i s ion ing the nex t coh or t  o f  nes t l i ng s  i n  Sep tember . 

D ic e d  ox he ar t was fo u n d  to  be h ighly pa l a t able to  hand-reared 

magp ies . 

6 . 1 . 4  E xper i me n t a l  r e g i me .  

The exper i me n t  was in i t i a te d  i n  Feb ruary 1 9 82  when th e 

j u ven i l es fle dged i n  1 9 8 1  were i n d epende n t . 

Mea t  was de l i vered da i l y to the tes t terr i t or i e s  in the two 

h ours be fore daw n ,  and the a mo un t  of  me a t  was a d j us te d  so t ha t  
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PLATE 6 . a .  Feed i ng s tati on . 

PLATE 6 . b .  Ma l e  magp i e  consumes ox-heart a t  feedi ng s ta ti o n . 





about 1 5 % by we ight  rema i n e d  in the c u p s  a fter  2 4  hour s .  The 

b i rds were consu m i ng me a t  w i th i n 7 day s of i t s  i n t r od u c t ion 

and all magp ies  i n  the te s t  t e r r i tor i e s  were checked as  u s ing 

the meat  wi th i n the f ir s t  21 d ay s  ( s e e  P l a te 6 . b ) . N o  

ne ighbour i ng magp ies  and n o  a n i ma ls o f  any other spec ies  wer e 

ever obs e rved to consu me mea t  from t he feede r s . One of  the 

control ter r i t or i e s  ab u t t e d  onto a tes t  te r r i tory . 

A l l  ter r i t or i es wer e  r e gu lar l y  chec k e d  for the pr es ence o f  

j uven i l es . E xac t da tes o f  j u ven i le departu r e  were no t k now n ,  

b u t  taken t o  b e  the number o f  d ay s  from the beg inn i ng of  the 

e x p er i me n t  to the f ir s t  day an an i ma l  wa s not seen . The 

l e ng th of j uven i le s ta y  was t here for e s l ight ly over es t i ma te d .  

Food sup lemen tat i o n  was d i sc ont inued a ft e r  2 4 0  da y s ,  past the 

po i n t  at  wh ich  t he n e x t  j uveni l e  c ohor t was f le d ge d .  The 

rep roduc t i ve behav io ur of b ir d s  in both te s t  and control 

ter r i tor i es was c lose l y  mo n i tor e d .  

6 . 1  . 5  Sex of d is p e r s ing j uv en i le s . 

A ge C lass Three magp i es can no t b e  s ex e d  o n  v i sua l charac ters 

so tha t the s ex es of  the 1 5  b ir d s  o f  tha t  age c lass  in  the 

tes t and control ter r i tor i es were u nk nown at  th e s ta r t  o f  the 

s t u dy . Two of t h e s e a n i ma ls wer e sub seq u en t l y  d i sc overed to 

be fema l es on behav io ura l cr i te r i a .  

6 . 2.0 Results 
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6 . 2 . 1 Juven i le d i sp er sa l .  

The 7 j u ven i l es p res en t  i n  t he tes t  terr i t or ies  reduced to 3 

at  the comp l e t ion of t h e  exper i me n t . E ight con t ro l  j u ven i l e s  

reduced to 1 year l i ng ( Ag e  C la s s  Four ) dur i ng th e same per iod . 

The reduc t ion i n  number s was s i gn i f i can t for both test a n d  

c o n t r o l  terr i tor i e s . Sup p l e mentary fo od th er e fore d id n o t  

i n f luenc e  t h e  number o f  j uv en i l e s  r e ma in i ng i n  t h e  ter r i tor i es 

as  ex tra s .  

Alth ough mo s t  j u v en i le s  d i spers ed fr om the i r  te r r i tor ie s , 

those l i v i ng i n  the ter r i tor i e s  wi th an  ar t i f ic ia l  abunda n ce 

o f  food ma y have d i sp er s e d  later  i n  the year . However , a rank  

test o f  med i an s  o n  t h e  data i n  Tab l e  6 . a  cou l d  not de tect  a ny 

tendency for ma g p i e s  i n  the t e s t  terr i tor i e s  to rema i n  l o ng e r  

than t h e  control b i rd s .  

6 . 2 . 2  Po lyg yny i n  t e s t  terr i tor i e s . 

A t ota l o f  9 n e s t s  were bu i l t i n  the 5 test terr i tor i e s ,  

whe reas only 4 wer e produced i n  the 6 control terr i tor i e s  ( see 

Tab l e  6 . b ) . Th i s  was t h e  o u tcome o f  n est-bu i ld i ng ac t iv i t i es 

by e x tra fema l e s  

terr i tor i e s .  

i n  the fo rme r l y  pa i r - de fended tes t  

I n  the ' c owsh e d ' t e r r i tory ( see Tab l e  6 . b ) , the rema i n i ng 

year l i ng bu i l t h e r  own n es t ,  sol i c i te d  her father and was 

ma ted by h i m  a t  l e as t 4 t i me s . She then sa t in the nes t for 
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TABLE 6 . a  

Length of s tay by j uven i l e  magp i es ( est ima ted ) 
duri ng food-add i t i on experiment 

Test Control 

240 240 

1 30 183 

191 1 1 5  

240 152 

145  137  

185  137  

130  130 

Comb i ned med i a n  145  
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TABLE 6 . b  

Number of yearl i ng mag pi es rema i n i ng a nd nests bu i l t  i n  test 
a nd control  terri tori es a t  compl eti on  of  food-add i t i on experiment 

Tes t Contra 1 
Terri tory Juven i l es Yearl i ng s  Ne sts Terri tory Juven i l es Yearl i ngs 

Cowshed 1 1 2 S i l age 1 1 

a 1 0 2 d 1 0 

Underwood 2 2 2 Bri dge 2 0 

Mcgovern 2 0 2 Han l en 2 0 

I rvi ne 1 0 1 Cabbage 1 0 

Mi cro . 1 0 

Total 7 3 9 I 8 1 

Nests 

0 

1 

0 

1 

1 

1 

4 

...... U'1 ():) 



----------- ---- --

near ly 5 we ek s .  N o  o f f spr ing wer e  prod uc e d  b u t  h e r  mo ther 

f l e dged one ch i c k ,  a fter  per s i s te n t ly attac k ing the yearl i ng 

whenever she so l ic i te d .  

I n  terr i tory ' a ' , an unk nown fema le imm i grated  i n to th e 

ter r i t ory i n  Apr i l , and she a l so n es te d  w i thout  suc c es s .  The 

or i g inal  hen fledged two ch i c k s .  

Bo th j u ven i l es r e ma ined i n  t he ' Underwood ' ter r i tory . O n e  o f  

them b u i l t  a nes t ,  so l i c i t e d  her f a t he r  and wa s ma ted a t  l e as t 

o nc e  by h i m .  She a l so fa i le d  t o  produce yo u ng wh i le h er 

fema le par e n t  f l e dg e d  two . 

Both j uven i le s  i n  the ' Mc Gov er n '  t e r r i tory d is p e r s ed , and a 

u nk nown adu l t  fema l e  j o in e d  t h e  terr i to r y  i n  J u l y .  When her 

nes t fa i le d ,  she b e gan de l i v er ing food to the d om i n an t  hen ' s  

nest l i ng s . Th i s  was the f i r s t  case  o f  he lp i ng by a fema le 

ever seen dur ing the study . 

No d i fference i n  l a y ing dates ( de te r m i n e d  fr om the o n s e t  o f  

i nc ubat io n )  was de tec te d  between tes t  a n d  control ter r i tor i e s ,  

a n d  two fema les i n  control  terr i t or i e s  d id no t e ven b u i ld 

n es t s .  

6 . 2 . 3  Pr oduc t i v i ty in t e s t  a n d  c o n tro l te r r i tor i e s . 

A compar i so n  of  the produc t i v i ty o f  the tes t and contr o l  

terr i tor i e s , sh own o n  Tab le 6 . c , could no t f i n d  any d i fference 
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number 
fl edged 

1 

2 

2 

3 

2 

med i a n  2 . 0  

TABLE  6 . c 

Number of j uveni l es fl edged by fema l e  magpi es 
i n  test  and control terri tori es 

Te st  Contro l  
number fl edged number number 
fema l es  per  fema l e fl edged fema l es 

2 0 . 5  0 1 

2 1 . 0  4 1 

2 1 . 0 0 1 

2 1 . 5 3 1 

1 2 . 0  1 1 

2 1 

1 . 0  1 . 5  
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fl edged 
per fema l e  

0 

4 . 0  

0 

3 . 0 

1 . 0  

2 . 0  

1 . 5  



i n  the numb e r s  o f  magp i es f le dge d ( Mann-Wh i tn ey- W i l c ox o n  test  

o f  me d ians ) .  Ter r i tor i e s  r e c e i v ing ex tra food d id no t p roduce 

s i gn i f icant l y  more o f f spr i ng than the control ter r i tor i e s .  

There wa s also no s ig n i f i c an t  d i f fe r enc e i n  the prod uc t i v i ty 

when expr ess e d  as  the number o f  j uveni l es reared per  fe ma l e  i n  

t h e  ter r i tor i e s  ( see Tab le  6 . c) ,  a l t h o ugh none o f  t h e  e x tra 

fema l es in the tes t terr i tor i e s  ra i s e d  o f f sp r in g  of the i r  own.  

Produc t i v i ty be tween years was exam i n e d  u s ing the W i l c o x on 

ma tched-pa i r s  s i gne d r a nk s  tes t  o n  the data i n  T ab l e  6 . d . The 

te s t  ter r i tor i e s  f l e dge d s ig n i f i c an t l y  mor e  young i n  1 9 82 than 

i n  1 98 1 , whereas t he r e  was no betwe en-year s d i f ferenc e  for the 

control terr i tor ie s . When compared wi th thems elves , tes t  

ter r i tor i es wer e more produc t i v e .  

6 . 3 .0 Discussion 

The hypothes i s  tha t j u ven i les  d is p e r s ed in response to a 

shor tage of  food was rej e c te d ,  because j u v en i l es d i spe r se d  

even when fo od sup p l i e s  wer e  art i f ic ia l l y  booste d .  The 

d i scove ry t hat 2 of the 3 non- d i spers ing magp i es in th e test  

terr i t or i e s  were fema les w h i c h  a t temp te d to b reed ( in j uven i le 

p lu mage ) ,  meant that  the hy p o th es i s  had been frame d  too 

s i mp l i s t i c a ll y .  Ins tead , the ' de c is io n '  to s tay or go ma y 

h ave d epended on an  in terac t ion be t ween the gender o f  th e 

year l i ng b ir d s  and the food supply  i n  the terr i tory . 
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TABLE  6 . d 

N umber of j uven i l e s fl edged per breed i ng fema l e  
i n  1981 and 1982 , for test and control terri tori e s  

Test Control 
1981  1982 1 981 1 982 

1 l 1 0 

1 2 1 4 

2 2 2 0 

2 3 2 3 
1 2 1 1 

1 2 
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Gaston ( 1 97 8 ) fo und tha t fe ma l es d i spers e d  a way from the n ata l 

un i t  in  commo n babb ler s ,  b ut y o ung ma les  were re ta i n e d .  In 

two h igh ly sac ial  mamma l ian spec i e s ,  the ma l es d i spe r se d  

l e av ing the fema les t o  a t t a i n  rep rod uc t i v e  status  a t  home 

( ma r mots ; Armi tage and J ohns ( 1 9 82 ) ,  hyenas ; Owens and O wens 

( 1 98 4 ) ) .  D i f fe r en t ia l d ispersa l  has been desc r i b e d  for 

magp i es in t he C a nberra p opu l a t ion ( C ar r ic k  1 9 72 ) ,  whe r e  

yearl ing ma les wer e  sa i d  to be  mor e  l i k e ly to d isperse  than 

t he i r  fema le cou n te rpa r t s .  U n for tun a te l y ,  ther e  was no 

descr i p t io n  of how th i s  i n forma t io n  was ob ta i n e d .  The flo c k  

s ex rat i o  a t  L inton d i d no t appear t o  b e  b iased i n  favo ur o f  

ma les ( see s ec t io n  2 . 3 . 0 ) ,  so the appa rent d i f fe r en c e i n  the 

fates of year l i ng ma l es and fema le s  was not a n t ic ipate d • •  

The induc t io n  o f  polygyny in 4 of the 5 te s t  terr i tor i e s  was 

an un expec ted o u tcome o f  the a l tered food reg i me .  Lot t ( 1 9 8 4 ) . 

l i s t e d  3 1  s p ec ies whose ma t ing sy stems a lte rnated b e tween 

monogamy and polyg y ny ,  two- th i rd s  of wh i c h  d i d so in r esponse 

to altered  ec olog i c a l  c ir c umstanc es rang ing fr om u nb a lanc e d  

s ex rat ios to cha nges i n  r eso urce  d i s t r ib u t ion and ab undanc e .  

Po lygyny ma y b e  prevented by a requ ireme n t  for unsha r e d  ma le 

par e ntal care ( Ya sukawa and Sear cy 1 9 82 ) ,  or aggr es s ion 

between fema les · ( Em le n 1 9 82 , Hanno n 1 9 8 4 ) .  Howe ver if  th e r e  

a r e  d i f ferenc e3 i n  t h e  qua l i ty of  ma le ter r i t or i e s ,  fema l es 

may ach ieve greater rep rod uc t i ve success by ma t ing wi th 

a lready - ma te d  ma l es in h ig h  qua l i ty ter r i t or i es than by 

j o i n ing unrna ted ma les i n  lower q ual i ty te r r i tor i e s  ( Ve r ner and 

W i l l so n  1 9 6 6 , O r ians 1 9 69 ) . 
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S i n c e  two o f  the s ec onda ry fema l e s  which a t temp te d t o  b reed i n  

t h e  tes t  ter r i tor i es d i d s o  i n d ependent l y  ra ther t han ass i s t  

th e ir parents t o  r a i s e  y o unger s i b l i n gs ,  a payoff i n  terms o f  

i mpr oved ind ivjdua l ( r a ther than i nc l us i v e )  f i tness was 

sough t .  Even t hough none of th e secondary fema l e s  r eared 

o f f sp r i ng o f  her ow n ,  cont rad i c t o ry to the 

Verner- Wi l lson-Or ians mode l ,  op por t u n i t ie s  for i n d i r e c t  

bene f i t s t o  f i tness wer e not exp lo i t e d .  

O f  the 4 6  group- t e r r i tory bree d i ng events mon i tor e d  be tween 

1 97 8  and 1 9 8 1 , 20 ( 4 3 % ) involved  ter r i tor i es wi th mor e  t han 

one adult fema le .  At temp ts by sub ord inate hens t o  b u i l d  n e s ts 

and r a i s e  ch i c k s  were t hwar te d  by the aggr ess io n  o f  the 

domi nant fema le in each case ( see s ec t i o n  4 . 2 . 6 ) ,  and 

subord i n a t e s  only rare ly su�ceeded in the i r  e f for t s .  By the i r  

aggress i o n , d omi n an t  hens ma i n ta in e d  an e f fe c t i v e ly mo nog amo u s  

re l a t ionsh ip  wi th t he i r  ma t e s , and i nh ib i te d  t h e  d eve l op me n t  

o f  p olygyny . 

I t  i s  sugge s t e d  here that the polygyny ob ser v e d  under t h e  t e s t  

r eg i me at  L inton r esu l te d  from a food- induced sh i ft i n  the 

polygyny thr esh old which was de te c te d  by the tran s i e n t  and 

j uveni l e  h en s ,  and a cor r espond i ng food- induced r e d u c t ion o f  

i n toleran c e  o f  p r i ma ry breeder s .  

The cons equ e nc e  o f  gro up ter r i tor ia l behav iour for ma l e s  i s  

tha t as group s i z e  i n c r e as es , th e pa t r i mo ny fa c tor s t i mu la tes 

int ragro up compe t i t io n .  The s i ng l e  ins tance of  ma l e  he l p i ng 
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ob ser v e d  dur i ng the s tudy ( see s ec t io n  4 . 2 . 8 ) ma y have 

r e su l ted from ac tua l o r  p r e su me d  ( i n a non - c ogn i t i ve sens e )  

d o ub le - f a t her i ng o f  the c l u tc h  be ing i n c ubat e d .  Only th e 

dom inant coc k c opu lated wi th hens i n  the ter r i tory , and as 

Ga ston ( 1 9 7 8 )  pred i c te d ,  subord inate ma les should v acate a 

gro up when t he d e crease i n  f i tn es s  r esu l t i ng from ma le - ma l e  

c ompe t i t io n  exceeds any i n c r ease in f i tness th ro ugh k in 

s e l ec t io n .  B i par ental care a lso s e l e c t s  aga i ns t  the re ten t ion 

o f  ma le o f f s p r i ng as helpers  ( Charno v  1 9 8 1  ) . E x tr a  ma les may 

b e  r e c ru i te d  into p u k ek o  gr o up s  i n  r espo ns e to compe t i t ion 

from ne i g hboctr ing group s ,  by  dom i n an t  b ir d s  c aught i n  a 

s i tua t ion ana logous to the " pr i soners d i l em ma "  ( C ra i g  1 98 4 ) ,  

rather than thr o ugh ind i r e c t  f i tness e ffects . I t  i s  pre d i c t e d  

that d i sper sa l  was a mec ha n i sm fac i l i ta t i ng l i fe t i me 

rep roduc t i ve success for yo ung ma le ma gp ie s ,  by inc re as ing 

t he i r chanc es of a d op t i ng a more favo u r ab le l i fes ty l e . Only 

long i tud inal recor d s  fr om k nown i n d i v i d uals w i l l conf irm or 

r e j ect  the pred i c t io n .  

I n  other stud ies , superab undan t fo od enhanc e d  rep rod uc t i v e  

per formanc e . F o r  examp l e ,  ch ic k surv ival was i mp r oved i n  

c rows perhap s because a d u l t s  wer e ab le to spend mor e  t i me at  

the  n es t  ( Yom- Tov 1 97 4 ) ,  and  E ur ope an magp i e  pa i r s  ( P ic a  p ic a )  

produced more f le dg l i ngs than control pa i r s  ( H �g s te dt 1 98 1  ) .  

Add i t ional food l e d  to  i n c r eased c l utch s i z es i n  S parrowha wk s 

( N ewton and Marqu i s s  1 9 5 1  ) .  Dur i ng the s tu d y  r eported h er e ,  

ne i ther p rod uc t io n  per terr i tory nor produc t io n  per fema le 

d i f fered s ig n i f icant ly be t ween tes t and control terr i t or ie s .  
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Howev er there wa s a s i g n i f i c an t  i n c r e as e  i n  t he o utp u t  o f  the 

tes t  ter r i tor i es between 1 9 8 1  and 1 9 82 , whi l e  t h e  con trol  

ter r i tor i e s  sh owed no change . Whe n  compared aga i n s t  

t hemse l v e s ,  the or ig inal hens in the t es t  terr i tor i es were 

able to fledge mor e  young when the food su p p ly wa s 

suppleme n te d ,  and i t  was i n ferred that mag p i e  p r od uc t i v i ty was 

a t  l e as t  in part l i mi te d  by the food suppl y .  

There we re two r o u t es t o  group terr i tor i a l i t y  i n  the L in to n  

mag p i e  pop ula t io n ;  one v ia r e te n t io n  o f  offspring i n  fam i l y  

group s ,  and the o th e r  through group format ion i n  the f l o ck and 

sub seq u en t e ffor t s  to acq u ir e  a de fende d area . Stu d ie s  o f  

c ooperat iv e l y  breed i ng spec i e s  h av e  demons t r a te d  that k i n 

grou p s  form fr om offsp r i ng r e te n t io n ,  and  a id i s. g iven t o  th e 

p r i ma ry breeder s .  A id-g i v i ng b y  o f f sp r i ng has been  v a r io u s l y  

a sc r i be d  to paren t a l  suppres s io n  o f  reprod uc t i o n  ( Ve hrencamp 

1 97 9 , Emlen 1 9 82 ) and ' parental  fac i l i tat ion ' or tolerance o f  

o f f s p r i ng per s i s tence ( Br own a n d  Brown 1 9 8 4 ) .  When ma g p ie s  

were e n co u ra ge d  to r e ta i n  the i r  year l i ng o f f spr i ng ,  they d id 

not do so ( i f the y  had done so , the i r  average i n d i v idual  

f i tn es s  wou l d  have  d r oppe d from 0 . 5 to  0 . 1 65 ) .  More ove r ,  

b ir d s  s t i ll i n  j uv en i le p l u ma ge and i mmi gran ts t o  th e t e s t  

ter r i tor i es at temp te d to bree d .  T h e  hy pot h es i s  t h a t  mag p i e s  

a r e  coop er a t iv e  breeders m u s t  b e  r ej e c te d .  I n s te ad , th e y  must  

b e  v ie we d  a s  s e l f i sh oppor tun i s t s  wh i c h  explo i t v a r iou s  soc ial  

l i fes ty les i n  ord e r  to ob ta in a r ep rod uc t i v e  r ol e . 
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CHAPTER SEVEII 

D i scuss ion and Summa r y .  

1 . 0 . 0  D i sc us s io n .  

7 . 1  . 0  Paraaeters of' a E.gpie population i n  Bev Zealand. 

Ther e were two r e asons for conduc t i ng the de mogr aph i c  r esear ch 

repor t e d  in Chap te r s  Two ,  Three and F o ur o f  th i s  repor t .  

F irs t ,  w i th in the a d ap t a t ion i s t  p r og ramme , the s tudy o f  soc i a l  

sy stems r eq u ir es a th or o ugh k nowl e dge of th e se t of  

i fe -h i s tory tac t ic s  exp loi t e d  by  the ind iv i dua l s  wi th in a 

p op ula t io n .  Gen e t ic , phy s io log i c a l , ecolog i c a l  and 

demogr aph i c  cons t ra i nts l i m i t  the a d ap t ivenes s  ach ieved by 

organ i sms in response to e n v ironme n t a l  ( selec t i v e )  pressures 

( May r  1 9 83 ) .  The r es ear cher s e ek i ng t o  d i scr i m inate b e t ween 

the e ffe c ts o f  chanc e and o f  natural  s elec t io n  on  pa tterns o f  

soc ia l behav iour there for e  needs to d i sc over the genera l i ty o f  

ob ser v e d  t�ends i n  n a t a l i ty and mo r t al i ty , and emigra t io n  and 

i mm igrat ion in the p opu lat ion under s tud y . I n  prac t ic e ,  th i s  

i s  ap prox i ma t e d  b y  s e tt ing conf idence l i m i t s  to s tat i s t i c s  

mea sure d  from a samp l e  o f  the p opu l a t io n .  

The s ec ond reason for c o l l e c t ing demogra p h i c  da ta a t  L i n ton 

wa s to a l low compa r i sons t o  be d ra w n  wi th ano the r p opu l a t ion 

i n  i ts native en v ir onme n t .  If  d i f fe r enc es in demog raphy and 
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soc i a l  s t ruc tur es are d i sc ov er ed in the in troduced p op ula t io n ,  

t hen env i ronmental mecha n i sms o f  chan ge ar e in ferre d .  

7 . 1 . 1  Pop ula t i o n  s i z e . and den s i ty .  

The numb er o f  ter r i t or ial magp i es r e ma ined cons t an t  fr om year 

to  y ear a t  L i n ton , and the ir den s i ty wa s f o ur t i mes greater 

than that mea sur e d  at C anber r a  ( C ar r i c k  1 9 72 ) .  Pre d a t ion was 

ab sen t  at L i n to n ,  an d t h e  food supply ma y have been r i cher . 

Conf i rma t ion from a compar i son o f  pr ey spec i es l ev e l s  and 

cap ture r a tes is r e q u i r e d . 

The den s i ty o f  non- terr i tor i a l  magp i e s  was s i x  t imes greater 

i n  the N ew Zea l and s tudy are a ,  and it  is  sug ges t e d  t ha t  the 

hab i ta t  occup i e d  by the A u s t r a l i a n  flock b i r d s  wa s poor i n  

c ompar i so n .  Whereas i nsuff i c i en t  food may h a v e  prevented 

floc k b ir d s  fr om a t temp t i ng to breed a t  Canberra , some other 

fac t or such a s  the abs e nce of t r e es and bu shes may have 

i nh i b i te d  t er r i tory es t ab l i shme n t  on the L i n ton f l o c k  ground s .  

A s i mp l e  t e s t  o f  t h i s  hyp o t h es i s  woul d  b e  t h e  prov i s ion o f  

a r t i f i c i a l  n es t s i te s  a t  the t w o  loca l i t ie s . 

7 . 1 . 2 C lu tch s i z e  and produc t iv i ty .  

Desp i te the e v idence for a better food supply a t  L i n ton , the r e  

wer e n o  d i f fer e nc es i n  t h e  average c l u tch s i z es i n  t h e  two 

study areas , or be tween the two coun t r i e s . The mo s t  

par s i mon ious e xp l an a t ion f o r  t he s i mi l ar i t y  i s  a non-a d ap t i ve 
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one : mag p ie c l u tc h  s i z e  i s  l i n k e d  to body s i z e  by  a l lome t r i c  

pr i nc i p l es  ( Wes ter n  and Ssemak u l a  1 9 82 ) . A l though a n  increase 

i n  c lu tc h  s i z e  in r i cher en v ir onme n ts could a llow � e  

p r od uc t ion of  m o r e  yo ung , such a n  a d ap t i ve sh i ft ma y  b e  

p reven t e d  by ' c ohes i o n  o f  t h e  genoty pe ' ( Mayr 1 9 8 3 ) . 

The a d ap t i v e  exp l an a t ion was p r opos e d  by Lac k ( 1 9 54 ) ,  who 

argued tha t the mo s t  produc t i ve c lu tc h  s i z e  w i l l  become the 

mos t  common one t hr ough na t ura l se l e c t ion . I n  sp i te o f  

e v idence tha t i n  many pass e r i n e s  the mo s t  p rod uc t i ve c lu tc h  i s  

la r ger than the mos t  commo n  o n e  ( Klomp 1 970 ) ,  the l i m i t a t io ns 

o f  food av a i lab i l i ty and paren tal e ffor t  prop osed by Lac k  

s t i l l  a p p l y  ( R ic k le f s  1 97 7 ) . F our -egg c lu tches wer e  t h e  mo s t  

commo n and s u c c es s fu l  in  A u s t ra l i a  ( B erggy 1 9 8 1 , unp ub . ) , a n d  

w e r e  the mos t  c ommon a n d  poss i b ly t h e  mos t  succ essful  i n  N ew 

Z ea lan d .  The upper l i m i t  o n  produc t i v i ty must  b e  s e t  b y  t ime 

cons t ra i n t s  on t h e  par ents  and gr owth cons t ra in ts o f  

nes t l i ng s ,  even when t h e  food s u pply i s  ab undan t .  

A lthough c l u tch s i z e s  we re the same i n  the two p opu la t i ons , 

breed ing fema les a t  L i n ton produced mo r e  fr ee- f l y ing y o ung 

t han tho s e  at C a nber r a .  N e s t  los s es due to pre da t io n  c ou ld 

no t b e  me asured , but  th e only pote n t ia l preda tor i n  the 

d i s t r i c t  - the ha r r ier  hawk - was never seen to r ob magp i e  

nes ts . The ab sence of  preda t io n  an d the r icher  food supply 

ev i cjenced by t h e  h ig h  dens i ty of magp i es at L i nton ma y  have 

comb ined to improve produc t i v i ty .  
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7 . 1 . 3 S u rv iva l .  

The e s t i ma t e d  annual surv i v a l  o f  ter r i tor ia l ma g p i e s  a t  both 

L inton and C a nberra wa s 0 . 8 5 . Howeve r ,  the f loc k est i ma te was 

0 . 50  at  Canberra and 0 . 9 0  at  L i n to n :  Alth ough th i s  d i f fe renc e  

i n  the mea s ur e d  surv iva l o f  nomad ic  magp i e s  mus t b e  ver i f ie d ,  

d i s eased b ir d s  wer e  no t s een i n  the L i n ton f l o c k  ( in contrast 

t o  C a nber r a ) , and pre d a t ion was n i l  or low . In surv i v a l  

terms , the tran s i t io n  from t e r r i tor ia l i ty t o  noma d ism wa s not 

as p un i t i v e  at  L i nto n .  

7 . 1 . 4  O p er a t ional  s ex ra t io s .  

The adult  s ex ra t io i n  the L i n ton te r r i tor i e s  wa s equa l , b u t  

a t  C anberra fema l es o u tnumbered ma l e s .  The s ex ra t io i n  the 

f l o c k  a t  L i n ton wa s d i f f i c u l t  t o  me asu re b ut l a y  be tween 3 3 : 6 6  

and 5 0 : 50 ma l es to fema l e s ,  whereas ma l es were nume r i ca l ly 

sup er ior i n  th e Canb erra floc k .  E i ther fema les wer e  

pre fere nt i a l l y  re ta ined i n  the C a nberra terr ior i e s ,  o r  ma l es 

were p re fere n t i a l l y  ex c l u de d .  One ma y  speculate tha t  i n  an 

env ironmen t where su rv iva l o u ts i d e  ter r i tor i es is l o w , paren ts 

sho uld r e ta in young ste r s  of the s ex wi th the h ig hes t l i k e l y  

r eprod uc t i v e  suc c es s  i n  o r d e r  t o  fac i l i ta t e  the i r  pas sage t o  

r ep rod uc t i v e  ma tu r i ty ( Br own a n d  Br ow n  1 9 8 4 ) .  I n  th e ma g p ie 

cas e ,  fema l es see me d  t o  d i sperse l a te r  t ha n  ma l es at  C a nberra 

( Ca rr i c k  1 9 7 2 ) . 

1 . 2 . 0  Four l ifestyles in a Rev Zealand .agpie population 
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L i fes ty l e  was def ined i n  s e c t ion 4 . 3 . 0  as  an ins tan taneou s  

sub set o f  response l i k e l i h oods to phy s i c a l  and soc ia l s t i mu l i , 

charac ter i s i ng d i f fer e nc es be t ween magp ies wh i c h  a r e  mor e  

gen e r a l  than i n d iv i d u a l  d i f fe r ences , b ut which  a r e  no t sha r e d  

by t he who l e  p op u l a t i o n . I n  th i s  s tudy fo ur non- over lapp i ng 

l i fe s ty les wer e  ab strac te d fr om the a l l-occ urences samp le of  

soc i a l  behav iour . Such int ra- spec i f i c v a r i a t ions i n  soc ia l 

behav io ur have p re v io us l y  been ob sc ur e d  by d e sc r i p t io n s  o f  

broad spec i es - spec i f ic soc i a l  pa t ter n s  ( Lo t t  1 98 4 ) ,  and  where 

magp ies wer e  conc erned much i n forma t io n  about ind i v i d u a l  

var i a t ions was lost i n  a wea l th o f  p op u l a t ion- l eve l data 

( Carr i c k  1 9 7 2 ) .  

U n for tunate ly the s t a t i s t ic a l  me th odolog y for d is t ingu ish ing 

w i th in-pop u l a t io n pat terns wa s too s oph i s t icate d  for the data 

c o l le c te d  d ur i ng th i s  s tudy . On  the one hand tax onom i st s  and 

p lant eco l og i s t s  s e ek c lus ters based on  s i m i lar i t ie s  or  

d i f fe r ences  between i n d i v iduals on an array of me asu r e d  

var i ab l e s  ( W i l l iams 1 9 7 1 , Mezz ich a n d  So lomo n  1 980 ) , and  on 

the o t he r , a range of  mult i v ar i a te techn i q ues fo r the 

reduc t ion o f  ma ny var i ab l e  mea s ur e men ts to a few d e r i ved 

v ar iates are a v a i l ab le  ( Ma x we l l  1 9 7 7 , As pey and Blankensh ip  

1 97 8 ) .  The  qua l i t a t i v e  cr i ter ia used in th i s  s tud y mus t  

eventually  b e  superseded b y  mor e  r i gorous p rocedures . 

7 . 2 . 1 Noma d ism ver sus ter r i t or ia l i t y .  

Approx i ma te ly 20% of the ma g p ie s  i n  th e s tudy area a t  any t i me 



were non - ter r i t or ia l ,  l i v i ng i n  a loos e l y  ass e mb l e d  f loc k o f  

noma d i c  ind i v i d ua l s .  Such f l o c k s  forme d i n  the s p r i ng fr om 

year l i ng magp i es e m i g ra t i ng o u t  of ter r i tor i e s ,  wi th the 

add i t io n  of some a d u l t s  d i splaced fr om terr i tor i e s .  

The ter r i t or ia l spec t rum ob se rve d a t  C a nberra appe ared to  b e  

ab sen t a t  L i n to n ,  where mo s t  terr i tor i e s  wer e  long- te rm .  The 

abr up t t rans i t io n  be tween the ter r i tor ia l and f loc k phas es and 

the longer surv i v a l  of  L i n ton floc k b ir d s  ind i c a ted tha t  

magp i e  hab i tat t here wa s mor e  u n i form than a t  C a nber r a .  The 

less  graduated i n te r fa c e  be tween trees and pasture a t  L i n ton 

poss i b ly l i mi te d  the var i e ty of  ter r i t o ry type s .  

Terr i tory de fence  levels  we r e  h ig he s t  i n  t h e  a u t u mn  mo n th s  o f  

Mar c h ,  A p r i l  and May , a t  the t i me w h e n  par t i e s  o f  f loc k  b irds 

were fl y i ng th rough an d land ing i n  de fended area s .  Fr om 

obse rv a t ions of t he pr opor t io n  of f l oc k  b i rds forag i ng at any 

t i me ,  i t  s eemed tha t f l o c k  b ir d s  wer e  ex per i enc ing a fo od 

sh or tage i n  Mar ch re la t i ve to  o ther mon th s .  Th i s  r e d u c t i o n  i n  

the ir fo od supply ma y have s t i mu la te d  noma d ic ma g p ie s  to  

search for  food e l s ewher e ,  and  ma y  have been the  p r ox i ma t e  

c a u s e  for t h e  autumn i n vas ions o f  te r r i tor ie s .  

The absence o f  a ny corre l a t i o n  be t we e n  ter r i t ory s i z es and the 

numb er of  magp ies l i v ing in the terr i tor i e s  d isproved th e 

hy pot h es i s  that magp i es were pr i mar i ly de fend i ng a food 

supply . O t her poss i b i l i t ie s  rema i n  to be i n ves t i g a te d ,  

i nc l ud i ng t he i dea that i n  some wa y ,  ter r i tor ia l magp i e s  
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s o ught to ach i e v e  inac t i v e  t i me as  an i n su ranc e a g a i n s t  

invas io n .  

7 . 2 . 2  Monogamy ver su s  g r o up-terr i tor ia l i ty .  

Two o f  t h e  ter r i to r i a l  l i fes ty l e s  iden t i f ied  dur i ng th i s  s tudy 

involved cooper a t iv e  d e fe n s e  by group s of magp ie s .  Some of  

t h es e  gr o up s  comp r i s e d  ind iv idua ls k nown to b e  re l a te d  a s  

paren ts and subadult offspring . In  � e  o th e r s ,  

i n t er - i nd iv idua l re l a te d n es s  was unknown b u t  r an ge d  be t we e n  0 

and 0 . 5  ( s i b l i ng s ) . 

Pukekos a lso b re e d  a s  pa ir s or group s ( Cr a i g  1 9 80 ) ,  and  

mu l t i - ma le gro up s  may form in  r esponse to compe t i t i ve pr e s sure 

from ne ighbours ( Cr a i g  1 9 8 4 ) . Some o f  the group s  comp r i s e d  

unre l a t e d  p u k ek o s .  Such group s  were d escr ibed  a s  h av i ng 

uns tab le  me mber sh ip , a ma le-b i a s ed sex r a t io , promi sc uo us 

ma t i ng s ,  u ncoord i n a te d  incuba t io n  be hav iou r , and fo rme d from 

non-ter r i tor i a l  f lo c k  b ir d s .  From l i mi te d  ob serv at io n s  a t  

L inton and t h e  more ex tens ive Auat ra l ian data ( s e e  the cas e 

h is t or i e s  i n  Carr i c k  1 9 7 2 ) , non- k in mag p ie group s  forme d  in 

t he f loc k and c o opera ted to ob ta in a terr i t o ry .  Se vera l 

s ea so ns ma y e lap s e  b e fo r e  a breed ing a t temp t suc c e e d s ,  and  

group s  red uc e  i n  s i z e  and appr oach a n  equa l s ex rat io  d u r i ng 

th i s  per iod . The non- k in group l i fe s ty le se eme d to b e  a 

s t epp i ng s tone to  mo nog a ny and long - te rm ter r i to r ia l i ty .  

1 . 3 . 0  Tbe cooperatiYe breeding hypothesis 
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A id-g i v i n g  to non - d e scendant re l a t i v es i s  gen e ra l l y  te rme d  

cooper a t i v e  breed ing ( re v ie wed in  Br own 1 9 8 3 ) ,  a n d  c o uld hav e 

evo lved v ia k i n se l ec t ion or na tura l se l ec t ion ( Or i ng 1 9 82 ) .  

A s t rong l i nk  be twe en group-ter r i tor i a l t y  and coopera t iv e  

breed i ng has been es t abl i shed for ma ny spec i es ( Gaston 1 97 8 ) ,  

so i t  wa s hypothes i z ed tha t  magp i e s  l i v ing i n  terr i tor i a l  

groups at  L i nton were breed i ng c o op e rat i ve l y . I ndee d ,  magp i e s  

have fr equently been c i t e d  a s  coop e r a t i v e  breeders ( sec t io n  

5 . 0 . 0 ) .  

7 . 3 . 1  Strong i n fe r enc e .  

A s trong i n fe rence approach wa s 

coope ra t i v e  breed i ng hy po thes i s  

a d op te d to tes t  the 

( P lat t 1 9 6 4 ) .  S t rong 

i n fe r en c e  resu l t s  fr om the sy stema t i c  ap p l i c a t io n  of  i n d uc t iv e  

i n fer e nc e  t o  a l tern a t i v e  hy pot h e s e s ,  un t i l a l l b u t  one ( or a 

few ) o f  them a r e  d i sprove d .  I f  an a p r i o r i e x per i me n t  

d es igned to d i sp r ove the hy pot h es i s  i s  i mpos s i b l e ,  o n e  

scru t i n i s es the resu l t s  of  a n  i n ve s t i ga t io n  t o  d i sc ov e r  t h e  

hypot h es i s  that h a s  b e e n  d i spr ov e d  a pos t ior i .  

I n  the p as t ,  e co l og i c a l  r esear chers m i x e d  mode l l i ng and 

inves t ig a t ing stra t e g ie s , and P i e lo u  ( 1 9 8 1 ) has arg u e d  that  

on l y  i n v es t igat ion ( equ iva l e n t  t o  s t r o n g  i n fere nc e )  i s  use fu l .  

Howe ver , Qu inn and Dunham ( 1 9 8 3 ) expressed res ervat ions  ab out 

the a pp l i ca t ion of s t r o ng i n fe r e nce to the ana lys i s  of 

theor i e s  of  causa l i ty in e c olog y and evol u t io n , on the grounds 

t hat s i ng l e  or e as i l y  s t a te d  nul l convers es a r e  rar e .  The i rs 
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wa s a val i d  comp la i n t ,  but as shown below , st rong i n fe rence  

pr oved t o  be inva l u ab l e  i n  th e ana lys i s  of  j u ve n i le  d i sper sa l  

behav i o ur .  

7 . 3 . 2  Coopera t i ve breed ing . 

I t  was theor i z e d  that nonb reed ing mag p ies ass i s te d  breeders to 

r eprod uc e ,  e i t he r  by p r ov i d i ng d ir e c t  a i d dur i n g  the n es t i ng 

s t ag e  or by i n d i r e c tly ass i s t ing i n  some other wa y ,  such a s  

ter r i tory de fens e .  D ir e c t  h e l p  cou l d  be d i sproved b y  

ob serv a t io n ,  b u t  t h e  e x c lu s io n  of  i n d i r e c t  he lp r e q u ir e d  

p roduc t i v i ty da t a .  I f  th e group- t e rr i tory fema les wer e mor e  

produc t i v e  than pa ir- ter r i tory fema l e s ,  or i f  per c ap i ta 

produc t i o n  was lower i n  pa i r - terr i tor i e s ,  the hy po thes i s  was 

d isproved . 

No help ing at  the nest by nonb re e d ing offspr ing wa s s een , a t  

L inton and two ins tances o f  a d u l t  n es t  ass is tanc e  were 

d i scounte d .  N o  d i fference in fema le produc t i v i ty wa s 

d i sco vere d ,  and per  c ap i ta p r od u c t i o n  was l ow e r  i n  the gro up s .  

The magp i es a t  L inton  d i d no t breed c oopera t i ve l y .  

7 . 3 . 3  De l a yed j u ven i le d isper sa l .  

The k in group s  that forme d  i n  the L in ton magp i e  p opu l a t i o n  

resulted  fr om t h e  fa i l ure o f  year l i ng o ff sp r i ng t o  d isper s e .  

A lthough de la ye d  ma tur i ty and pro longe d  as soc i a t ion o f  young 

b ir d s  wi th the i r  parents fe atures i n  many coop era t i v e ly 

1 7 5  



breed ing spec i es ( Br own 1 9 8 3 ) ,  i t  wa s no t c or re la ted w i th 

help ing i n  ma g p ie s . Under what cond i t ions do j u ven i le mag p ie s  

r e ma i n  i n  the i r  nata l ter r i tor i es for l o nger than a ye ar ? 

I t  was sugge s t e d  tha t j u ven i le ma gp ies d isper s ed f r om th e i r  

ter r i tor i es becaus e of  a food shor tage wh i c h  e i ther for c e d  

the ir  parents to rej e c t  t h e m ,  or for ced t h e  yo ung b ir d s  t o  

fee d e ls ewher e .  

r ej e c te d :  

Two expe r i ment s  a l low th i s  hy po thes i s  t o  b e  

( 1 ) cre a te food shor t age 

( 2 )  create food abundance 

year l ing s go 

( corre l a t io n )  

e ar l ing s s t a y  

( in fe r e nc e )  

yearl i n g s go  

( in fe r e nc e )  

year l i n g s  s tay 

( corre l a t i o n )  
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M e thods for suppr es s i ng eart hw o rm p op u l a t ions o n  a la rge sca l e  

ar e av a i l a b le ( To m l i n  e t  a l  1 9 8 1 ) b u t  we re no t compa t ib le w i th 

farm i n g  opera t io n s  in  th e study area . I n s tead , a 

food-add i t io n  expe r i men t was conduc te d .  

A bundan t food n e i th e r  de la ye d  nor i n h i b i te d  j uven i le departure 

from ter r i tor i e s .  The hyp o th es i s  that a food shor t age 

s t i mu la t e d  d is p e r sa l  was rej e c te d  by strong i n fe renc e .  

Two add i t iona l r esu l t s  were ob ta ine d .  Pai r s  r ec e iv i ng ex tra 

food became polygynous g r o up s ,  and the b reed ing hens i n  thes e 

ter r i tor i es f le dge d s ig n i f ican t l y  mor e  ch ic k s  than they had i n  

the pre v io u s  year . 

d i spr ove ? 

Wha t  hy poth e s es d id th es e resu l t s  

Tha t food supply h a d  n o  e ffec t  on  fema le numb e r s  a n d  breed ing 

behav io ur i n  ter r i tor ies  was i mmed i a te ly exc lude d . In some 

way ,  sup er-ab unda n t  food a l lowed ex tra fema les to bec ome 

es t ab l i she d in pa i r - de fended terr i tor i e s .  N o t  on ly we re 

fema le o f fs p r ing perm i t t e d  t o  rema in  and a t temp t to b reed , b ut 

other fe ma l es ha d somehow de tec te d  t h e  enr iched food supp ly 

and ma nage d to en ter the terr i tor ie s .  I t  s eeme d tha t the 

in to leranc e  of  the dom inan t hens d escr i be d  in  4 . 2 . 6 had aba ted 

under the e x per i me n t a l  cond i t i o n s .  Year l i ng fema les op te d to 

rema i n in  t he ir n a ta l ter r i t or ies  when a bree d i ng at temp t  was 

poss i b le . 

The hy pothe s i s  tha t  food supply does no t i n f l u en c e  
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produc t iv i ty was a l so r e j ec te d .  G i v e n  t h e  s uper - abundan t food 

cond i t ions dur ing th e ex per i me n t ,  the i mp roveme n t  ma y have 

reflec te d  reduced forag i n g  and t r ave l l i ng t i me const ra i n t s  on  

the  adults  as they p rov is ioned t h e  n es t l i ng s .  

7 . - . o su.mary 

Mag p ies  at  L i n ton were no t cooper a t i v e  breede r s ,  based on th e 

ev i de nce accumu l a te d  dur i ng th i s  s tudy . 

Nonterr i tor i a l  ma gp i e s  foraged toge ther in  f lo c k s ,  d i d  no t 

have pre ferred  as soc i a t ions wi th o ther ind i v i d ua l s , and  d i d  

no t b re e d .  The floc k s ex ra t io wa s probab l y  equal , a n d  a t i me 

b u dge t  s tudy sh owe d tha t f loc k forag i ng l e ve l s  were h ighest i n  

Mar ch .  Flo c k s  forme d i n  the s p r i n g  a s  yearl ing s emigrated 

from t he terr i t or i e s , and a h ig h  s u rv iva l ra te  was  es t i ma te d .  

Ter r i tor i a l  ma gp ies  d e fe n d e d  u n i formly d i s t r i buted areas 

averag ing 5 Ha in s i z e ,  o n  a p e r manen t bas i s .  One- th i rd of 

the s e  terr i tor i e s  were o c c up ie d by pa ir s ,  and the r e ma inder by 

group s  of  t hr e e  to e ight magp i e s ,  wi th an overa l l  equa l s ex 

ra t io . Fami ly group s forme d when ye arl ing s d i d  not emi gra te , 

and nonk i n  group s  ma y h ave forme d  i n  t h e  f loc k s .  Gro up b i rd s  

spen t l e s s  t i me per ch i ng a n d  mor e  t i me d e fend ing the ter r i tor y  

t ha n  pai r s .  A F eb rua ry food shor tage was pred i c te d  fr om the 

t i me b udge ts of the terr i tor i a l  ma g p ie s . C l u tch s iz es 

average d  3 . 5  e gg s , and a n  average annua l produc t i v i ty o f  0 . 9 6  

j uven i les per  b reed ing fema le w a s  r ecorde d .  Male paren ts 
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v i s i te d  the n es t l i ng s  a s  o ften as t h e  fem3 l es d i d ,  a nd 

p roduc t io n  was enhanced by su per-ab undant  food . 

N o nbreed i ng b i rds d i d not he l p  a t  t he n es t ,  exc ep t  o n  rar e  

occa s i o n s .  Fema les l i v ing i n  group- de fended terr i tor ie s  d id 

not rear mor e o f f spr i ng than those i n  pa i r s ,  and per c ap i ta 

p r oduc t ion was lower for grou p  mag p i e s .  

When the food supply wa s supp l e me n t e d  in  a sa mpl e  o f  

pa i r - de fended terr i tor i e s ,  j uven i le s  d id not r e ma i n  to  form 

fami l y  group s .  I n stead , t w i c e  a s  many n es t s  wer e b u i lt a s  the 

r esu l t  of the a c t i v i t i e s  o f  subord i n a te females who r e ma in e d  

i n  o r  en te r e d  th e suppleme n t e d  t e r r i tor ie s ,  and a t t e mp te d t o  

bree d .  

Non-k in-group te r r i tor ia l i ty i n  magp i e s  ma y hav e opera ted a s  a 

s t epp i ng s tone be t ween noma d i sm and permanent r epr od uc t i v e  

s t a tu s ,  wh i l e  k in-gr oup terr i tor i a l i ty ma y h a v e  some t i me s  

fac i l i ta te d  j uveni l e  t r ans i t ion t o  p e r manen t 

s t a tu s .  

r eproduc t iv e  
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APPEN D I X  

TABLE ONE 

Number of v i s i ts and s i ghts  i n  12  c l osel y-watched magpi e 
terri tori es , a nd number of  s i gh ti ngs needed for 90% 
cen sus  effi ci ency ( when v i s i t effi c i ency of 60% i s  set )  

Year 

Terri tory 1979 1980 198 1  

V RA RT V RA RT V RA RT 

ITlTI 1 1  54 5 3 7 2 1 3 2 

[9� 7 16 3 6 24 . 2 4 10  2 

ITlTI 7 24 3 6 18 2 4 14  2 

IT�� 8 29 3 8 18 3 5 10  2 

IT�� 7 1 3  3 5 18 2 2 6 2 

[9� 1 3  32  7 5 1 3  2 0 0 2 

Qq] 7 14 3 5 8 2 2 3 2 

Q [l  6 18 2 5 1 5  2 2 5 2 

Q?J 3 15  2 8 39  3 3 7 2 

Q� 3 5 2 2 4 2 2 4 2 

QD 8 28 3 9 39 4 3 9 2 

[?[! 7 42  3 4 22  2 3 1 3  2 

RA = actua l number of  s i ght i ngs 

RT = numbe r o f  s i ght i n gs requ i red for 90% census  
effi c i ency ( from Svennson ( 1978 ) ) 

1982 

V RA 

3 1 0  

5 1 7  

12  33  

14 39  

3 9 

5 1 2  

1 3 

3 9 

3 8 

2 6 

3 11  

1 5 

180 

RT 

2 

2 

5 

7 

2 

2 

2 

2 

2 

2 

2 

2 
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